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CHAPTER 1

INTRODUCTION

A key factor {n the success of the Un{ted States Armed
Forces on the modern battlefield s the mwmilitary’'s ability to
access Information about the theater of operations {In an
effective and efficient manner. Technological advancements {n
the past 1S5 to 29 years have created a situation where a military
unit that lacks the speed and efficiency of information flow will
find {tself at a disacrantage. This is especially true for the
ground oriented m{litary units. These units rely heavily upon
the ability of their military vehicles to effectively traverse
the terrain in the theater of operations. Whether the mission is
to conduct troop and equipment movements or to conduct a
resupply, the abllity of these units to accurately and
efficient!y determine trafficability {nformation {(n the area of
operation could prove to be the difference between success and
fallure on the modern battlefield.

The information concerning a soil’'s ability to support
military vehicle movements {s accompiished through the conduct of
trafficability studies which uti{lize a cone penetrometer device.
Dating back to the late 1950's, this device has a long proven
record In its ability to provide reliable data in the
investigation of vehicle-soi! relationships. However, {es

extreme labor {ntensi{ve operation, as detatiled ({n the Army's
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Technical Manual (TM) 5-338, does not provide a medium by which

soil resistance data can be accessed quickly and efficiently. in

addition, the TM mentions the Ii{kelihood of human error {(n

properly recording data.

Technological advancements {n electronic instrumentation and
automation provide a means by which the manual control currently
used in the conduct of military cone penetration tests can be
reduced. Automation of the cone penetrometer testing operation
provides a means by which the ailitary ground units can obtain
accurate soil resistance data In a quick and effective manner.
In addition, the reduction {In manual tasks required of the
operator decreases the possibility of human error {(n the
acquisition of soil resistance data.

In an attempt to overcome the shortcomings of the current
device and to take advantage of scme of the technological
advancements Iin the field of in-situ testing, this research |s
centered around developing and testing an automated military cone
penetrometer. The scope of this research {s to provide a
reliable tool in which the military’'s ability to gather soil in-
situ data 1is much more efficient and {(n Iline with current
practice {n this field of engineering. The primary objectives of

this research program {nclude:

(1) Establishing the design performance requirements
and constraints required of an automated military cone

penetrometer system and working closely with the U.S.
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Vaterways Experiment Station in the physical
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construction of this system.
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(2) Establishing an effective and efficient means of

L
e

interpreting the electronically acquisitioned soil

22,

resistance and depth of penetration data through the

use of an electronic spreadsheet. s

(3) Developing an Operator’s Manual for the use of the
automated system {n the conduct of trafficability t '

studies and soil profiling. 5:\

4) Developing and conducting a laboratory testing “
o,
program in Chattahoochee River Sand to validate the :/*'

proposed automated cane penetrometer system. ®

(S) Qualitatively analyzing the effects of rate of SN
penetration, cone size, and concentrated surface
loading conditions on soil resistance data obtained fzé

with the automated system.

(6) Roughly comparing the soil resistance data

o«
‘.

o
i

obtained with the automated system during the

P
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laboratory testing program with the soll resistance
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values obtained using the analytical mode! developed at
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the Waterways Experiment Station by Baladi and Rohant
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| (1981). It {s noted that a detatiled study of this
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aspect s not within the {mmediate scope of this
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7 Developing and conducting a fleld testing program
to establish the system’'s ability to effectively
measure soi! resistance in a realistic, variable soi!
mass. This variabliiity may be due to either the
inherent material composition differences or to the
development of a dessicated crust on the surface of an

otherwise relatively soft deposit of soil.

8 Establishing the «capability of the avtomated
system to effectively measure the change (n soil

resistance in a soil mass subjected to repeated loading

E ﬂf.j
P

conditions which simulate vehicle traftic.

5% %Y
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A brief presentation concerning the use of the current cone ;Ei\
penetrometer {n the conduct of military trafficabiiity studies %5%
will initially be provided to establish the need and requirements Eﬁ;
for the developament of an automated cone penetrometer. Following ;::;
this discussion, the remainder of the report will deal with the ";.

vl
actual! design, development, laboratory testing, and field testing Eigz
of the proposed automated cone penetrometer system. ii;s
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CHAPTER 2

BACKGROUND ON THE MILITARY CONE PENETROMETER

2.1 INTRODUCTION

s,
e

The success of military maneuver operations, where movements

'
g ,‘ l' l' .

.o
AR
'l

on non-paved surfaces are required, depend heavily upon the

subsurface soil conditions {n the area of operation, As
specified by the Unfted States Army Technical Manual (TM) 5-339,
a great majority of this success (s based upon the proper
determination of the socil’'s trafficability through the conduct of
trafficability studies. This manual defines a soil's

trafficability as {ts ability to support sustained military
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vehicle traftic. In determining the soil's <tratficability

LA AN
POALCENY
pISY I TSN

capacity, the military has adopted a procedure by which in-situ

and remolded strength parameters provide ¢the {impetus to
designating the abflfity of a soil to support a given military ';'
ehicle e
v .
b
To establish a soil's (n-gitu and remol!ded strengths, the :§$,
Pl
United States Armed Forces utilize the standard military cone :;:
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penetrometer. The standard cone penetrometer has been used by

the military since the late 1950's to establi{ish these properties

.
A
)

and subsequently a soil’'s trafficability. This chapter will

present the components and operational steps involved {n the use

':\‘l '1

of the conventiona) military cone penetrometer. An overview of {;:
e

how this device is used in the conduct of military trafficability f:i
e
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o,
studies will presented. The efficiency and effectiveness of thig o
particular device in the conduct of these studies establ{ish
specific shortcomings of the overall process. These shortcomings

collectively establish the major reason for the need to conduct K

research for developing and testing an automated military cone

A5 ]
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penetrometer. Therefore, this chapter will conclude by
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5 incorporating this need for research into the discussion of the :ﬂ$
» "

e
N shortcomings associated with the conventional system. iyt

2.2 STANDARD MILITARY CONE PENETROMETER

This section presents the components of the standard cone
penetrometer presently being used by the military in the conduct
of trafficablility studies. Following ¢this description of the

device, a discussion of ¢the current procedures required {n its

®
ar

operation will be presented. ..
.$\
.J_-\
o

2.2.1 Components of The Standard Military Cone Penetrometer -
v
Cd

The standard mf{litary cone penetrometer consists of a

LS
WL G

proving ring, a waicrometer dial, a handle, a 30 degree right N

circular cone with a base area of .5 square inches, and an

. aluminum staff {9 inches long and 5/8 inch {n diameter. Figure :::
- "N
g
y 2-1 depicts this device. In addition, this figure shows a 39 N
~ e
' degree right circular cone with a base area of .2 square inches ;'

(A

attached to a 3/8 inch diameter staff which can also be used to
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conduct soll penetrations. The proving ring dial has a maximum :is
oa
capacity of 158 pounds which means that cone penetration data up _::7
to 302 psi{ can be measured with the .5 square 1inch cone and 759 SE:
S
psi with the .2 square inch cone. ;;f
S
-;,
2.2.2 Steps In Use of the Standard Military Cone Penetrometer Ca}
S
This section will present the procedures which have been ;ﬁ:
thoroughly testad and adopted for the use of the standard 5;1
military cone penetrometer {in measuring soil resistance. Based on E;r?
the components of the standard device presented in the previous E;ﬂ
paragraph, {t s obvious that the operation of this device and _3\
the measuring of soil resistance must be accomplished manually. Eés
The shortcomings associated with the current device and toc be ;EE
presented later in this chapter stem mainly from the way in which ::\
these manual operational steps are conducted. Thus, a clear Ei;
understanding of the current procedures followed {n operating the ?g:
standard cone penetrometer will! aid {n establ{shing the need to Eg
conduct the research for the development of the proposed 5;.
avtomated mi{litary cone penetronmeter. EEJ
The steps invoived in the operation of the standard proving 2:
ring cone penetrometer system, as presented in TM §5-330, have L

been established to accommodate the possibility that there will

be a single operator of the device. These operational steps are

.' l.' 1 ¢ l.' l, ’z."‘
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1) The hands of the operator, palm down and at

approximate right angles, are placed over each other on

the handle.

LI ST gl o S o o
& 58, 5 %
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(2) Force {s slowly applied by the operator causing a

steady downward movement of the device.

(3) The first reading {s taken from the micrometer
dial just as the base of the cone becomes flush with
the surface of the soil mass. To accomplish this, the
operator closely watches the cone as {t slowly descends
into the soi! mass, and at an instant just before the
base of the cone becomes flush, the operator quickly

shifts attention to the dial face.

@
8
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(4) The force causing the slow downward movement of

w
)
S A \{’ﬂ

4

the cone is continued and the operator takes successive

e B

dial readings at 6 inch depth {ntervals throughout the

estabiished critical depth of {nterest. The TM states

rya
MY NY )
s

that "the rate of progression recommended (s such that

L
LhS
5 _u

four readings (surface, 6, 12, and 18 {nch) can be

b
measured in 15 seconds {n a continuous penetration in a :dt
soft soil." N,

~ ',‘H
The operator is allowed ¢to temporarily stop the ?;d

2
L)

penetration after reading two values so as to allow the
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readings of cone resistance and corresponding depth to
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i be manually recorded. The penetration s then resumed
” to {nsure readings of cone resistance are measured to a
i critical depth. An assistant could be assigned to the
K operator which would facilitate this step by increasing
-m the speed and accuracy with which these measurements
i are accomplished.
N
. It {s noted that the military has established critical
2 depths of interest based on vehicle type and weight. These
g depths of interest range from as small as 3 inches to as great as
Eg 18 inches (TM S5-332). Research at the Waterways Experiment
E Station notes that the critical depth of interest may be as great
’E as 24 {nches which {s {n excess of the capability provided by the
0N conventional cone penetrometer (Balad{ and Rohani{, 1981). In
")
: addition, the strength of some soils may require that
; intermediate values of cone resistance be established. The TM
i allows for these value to be interpolated based on the readings
;: obtained at the 6 inch intervals.
"
';‘ 2.3 USE OF THE CONE IN ACCOMPLISHING TRAFFICABILITY STUDIES
v, The basic unit in establishing the trafficabiliity of a soil
a as related to military vehicles s the undimensioned quantity
; designated as the cone {ndex. The cone index {s a value which
Y indicates the shearing resistance of the scil as it {s subjected
N to the penetrating cone. This value of cone index {s obtained by
.
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dividing the force {n pounds required to cause the cone to
penetrate the soil by the base area of the cone 1in square inches
thus establishing that this {ndex, In actuality, has units of
pounds per square inch. The in-situ cone index {s read directly
from the micrometer dial gage which {s cal{brated for either the
.5 or .2 square 1inch cone and recorded 1in accordance with the
procedures presented {n the previous secti{on.

In ostibllshing the true strength of a soil, the military
does not depend solely upon this value of {n-situ cone {ndex. As
stated in TM 5-338, "Since the strength of a soi{l may increase or
decrease when loaded or disturbed, remolded tests are necessary
to measure the gain or loss of soil strength to be expected under
traffic" (pg. 9-2). Theretfore, the military has developed a
procedure by which to remold the socil and subsequently measure
the remolding cone 1index of the sofl by using the cone
penetrometer. This value of remolding cone index 1{s then
multiplied by ¢the I(In-situ cone {ndex to establish what {s
considered the true capacity of a soil to support sustained
vehicle traffic. The true capacity of the soil is termed the
rating cone index.

The final step in accomplishing trafficadility studies is to
compare the soil’s rating cone index to the value required for
the military vehicles in question. To accomplish this task the
military has assigned each class of vehicle a vehicle cone index
value which specifies the minimua soi{! resi{istance characteristic

required of a soi] mass to successfully support S& passes of a
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particular vehicle. These vehicle cone index values are
tabulated for reference {n Appendix C of TM S-332.

The remainder of this section will explain the various

facets involved {n obtaining the cone index values needed to
establish a soi{l's rating cone index and how ¢this index is used

to establish the trafficability of a particular area of

operations.

2.3.1 The Remolding Cone I[ndex

The remolding cone index is the ratio of ¢the remolded cone
index to that of the original cone ({ndex of the soil under
investigation. Both ¢the original! and remolded strengths are
determined from cone penetrations conducted in a cylindrical test
sample of the soitl. A piston-type soil sampler as shown in
Figure 2-2 s used to extract these samples from the soil mass.
The test sample (s contained in a steel cylinder 2 inches In
diameter and 8 inches high. The encased sample {s mounted on an
aluminum base and then the cone penetrometer is vused to measure
the original and remolded strengths of the soil.

The original strength of the sample is measured with the
cone penetrometer by taking five cone {ndex readings commencing
as the base of the cone becomes flush with the surface of the
soi]l sample and then at successive one inch depths to a final
depth of four inches. The so0il in the sample cylinder i{s then

subjected to 1% repetitions of a 2.5 pound drophammer falliing 12
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inches to create a remolded sample. A remclding kit as shown in
Figure 2-3 s wused to prepare the sample needed for these
penetrations. Following the loading conditions, the remolded
strength of the sample is measured with the cone penetrometer by
taking readings at the same locations as were used in determining
the original cone index. The sum of the f{ve remolded cone index
readings di{vided by the sum of the five cone index readings
recorded before remolding establish ¢the remolding cone {ndex of

the sofl.

2.3.2 The Rating Cone Index

The rating cone index establishes the strength rating of the
sci] under i{nvestigation when subjected to sustained mi{litary
traffic conditions. This index |8 quant{fied by multiplying the
measured in-situ cone index of the soil mass by the remoclding
cone index of the soil sample. Once the rating cone index of a
soil mass s determined, the ¢trafficabllity of an area of
operations can be established by comparing this index to the
vehicle cone index of the military vehicles required to traverse
the terrain. It the rating cone index is greater than or equal
to the vehicle cone index of all the military vehicles involved
in an operation, then ¢the soil mass {s considered to be

trafficable and suitable for such a military operation.
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2.4 NEED FOR AN AUTOMATED MILITARY CONE PENETROMETER i:
o,
L 9
. Regardless of the fact that the use of the standard cone

penetrometer has proven successful! for some 25 vyears in the
completion of milfitary trafficability studies, there are certain
inherent shortcomings associated with the use of this device In
‘: tulfili{ng this capacity. The researcher proposes that most of

these shortcomings stem from the mere fact that this manual

system {s archalic and has not been improved since its {nception

in the late 1952's. In addition, current technology and
) theoretical research for quasi-static cone penetration testing
ﬁ {ndicates that the currently employed interpretation systems do \.L'
. not fully exploit the cone penetration test capabilities. It may :E:‘
E indeed by possible to extract a considerable amount of soil SE&
; resistance data from ¢the test by altering the test equipment E:::
slightly. The purpose of this section will! be to present these %;J
i shortcomings and establish the basis wupon which the need to Eg
E conduct the research {n developing and testing an automated E;h
‘ military cone penetrometer is founded. }Q
s :ta
: oy,
f 2.4.1 Reading and Recarding Data %Sﬁ
. ...
. B
A The procedural steps presented {n sections 2.2 and 2.3 ;ﬁ:
K concerning the use of the cone penetrometer {n the conduct of ;ﬂi
military traff{cability studies paint a picture that the overall
> technique is extremely labor intensive. Without the aid of an
N
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assistant, the operator of the cone penetrometer {s required to
accomplish many s{imultaneous tasks to arrive at the proper cone
{ndex value. Specifically, the operator must push the cone
penetrometer, watch the dial gage and be aware of the depth of
penetration all at the same time to insure that readings are
properly recorded. The recording of this data may mean that the
operator remember two to three cone Index values and their
corresponding depths before actually recording them {In writing.

The presence of an assistant facilitates the recording of data;

however, the task s still labor intensive and extremely
dependent upon the proficient skill of the operator, the
procedures used to conduct the test, and the assigtant, In face,

TM 5-330 states:

"lf readings are actually made as |{tt!le as one-quarter
{nch from the proper depth and recorded as being at the
proper depth, an average of such readings will not
accurately reflect the average strength at that depth,.
Carelessness in making proper depth determination is
probably the greatest source of error in the use of the

penetrometer.”

The accuracy of cone Iindex readings s paramount |(n the
proper determination of a soil’'s trafficability and, as stated
above from the TM, the accuracy of these readings {s dependant

upon the ability and attention to detail of the particular
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operator or team. Other detai{ls not thorough!y considered (n the
TM, such as: (a) rate of penetration, (b time between cone
advances, (c¢) eccentric loading, and (d) disturbance {nduced by

the operator in preparing and testing the socil may significantly

effect the derived cone index values as well. From this

.
,' @

discussion, it {s obvious that human error and operator induced

Y

.2

effects are probably the major cause for not being able to

(AN

properly record reliable data. Therefore, {f the tasks currently
required of the operator are reduced and cperator induced testing
effects are taken into account, then the quality and value of the

data shoul!d bhe enhanced.

This need to reduce the possibility of human error and the

.l "v
XX
5,

)

potential to extract much more qualitative data from the cone

a
.it'ﬂl
At

P4

penetration test are the major reasons for the development of an

PR
s
AN

automated system. An automated milfitary cone penetrometer

{1
o 7,

Y
b}

designed to automatically record the soil resistance and

25
&

o

corresponding depth of penetration data would reduce the number

x

e
»

of tasks currently required of the operator and insure that the

o
data is recorded accurately. Such a system would enable the gﬁgf
operator to only be concerned primarily with the task of pushing ﬁﬁi
the device and keeping it vertical during a penetration test. In E‘
addition, this reduction of the labor {ntensive tasks would :g\l
increase the efficiency of the whole operation by reducing the '&%E
amount of time required to conduct a penetration test,. tEE
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2.4.2 Effective Soil Profiling

The <concluding discussion of the previous subsection
demonstrated the need for an automated military cone penetrometer
in order to minimize the effects of the operator on the derived
soil condition. A second raticnale for the development of the
automated system concerns both quality and use of the data from

the penetration test.

As stated in section 2.2.2, TM 5-332 allows for {ntermediate

v v
”
s

o
Pd

cone index values between the recorded 6 {nch interval values to

P s gy

be interpolated. The allowance for this I{nterpolation 1is to
better define ¢the underlying soil conditions. In addition,

Baladi and Rohani (1981) state that military cone index readings

shoul!d be obtained wusually at 1 {nch intervals throughout the ,?]L
prescribed critical depth of penetration to effectively establish N
the sof{l profile Iin the conduct of trafficability studies. They é%
further state that the maximum critical depth of penetration for E

military operations should be around 24 {nches. Therefore, both

o
NN,

(R
-

the military's Technical! Manual and the work by Balad{ and

S
.f‘l
h o]

Rohani{, establish the need to gather soil resistance data {n

S

gﬁxs
&

greater detai! than is presently required {n order to better

.
.

"’"’l .l. ’l

define a soil's profile. Furthermore, the recommendations from

these two sources are extremely difficult to wutilize and

(S
. "

[

incorporate using the conventicnal system.

Using the standard proving ring system to obtain a

e
y

Ajo

"
‘l‘l

sufficient number of cone Iindex readings to meet the above
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objective would be very time consuming as the amount of manually

recorded data would increase dramatically, Such an {increase (n

required readings with the standard proving ring device would

algso Increase the possibility of human error as discussed in the

previous sub-section. Therefore, the development of an automated

system that {s configured to record resistance data at successive

one {nch {ntervals would

effectively and efficiently accomplish

the requirement established by Baladi{ and Rochan{ and alleviate

the need for i{nterpolation established by the TM. The beauty of

such an automated system {8 that {t provides an effective and

quick manner {n which a continuous soi{l profile of the soil mass

under investigation can be obtained.

2.5 SUMMARY

This chapter has presented the overall process currently

followed in the conduct of trafficablility studies to establish a

soi{l's capacity to support military vehicle traffic. It {s

proposed that these current procedures and the equipment provided

to accomplish this task are not sufficient to meet the specific
needs of military units on the highly advanced modern
battlefield. Specifically, the proving ring cone penetrometer

system {s out of date with current technology In the field of in-

situ cone penetrometer testing. The military depends on this

antiquated equipment to provide them with the data needed to

fnsure trafficability of some of the most technologically
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advanced pieces of mi{litary equipment {n the world. It would be
a shame {f the shortcomings noted with this manually operated
cone penetrometer should hamper the capability of these highly
advanced vehicles to successfully accomplish ¢their mission.
Therefore, this system presents shortcomings which must be
addressed and corrected to {nsure that the United States Armed
Forces are able to explolit their highly advanced equipment
effectively.

In an effart to overcome the shortcomings associated with
the proving ring cone penetrometer, an autcomated system was
developed and tested {n the conduct of ¢this research. The
automated military cone penetrometer was devel!oped based on the
need to {mprove the effectiveness and efficiency of obtaining
soi{l resistance data In the conduct of trafficablility studies.
The proposed automated system takes advantage of some of the
current technological advancements in the flelds of {n-situ cone
penetrometer testing and automated data acquisition techniques.
The following chapters in this report will present the
development, design, and testing conducted In establishing the

capabliities of the automated military cone penetrometer.
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CHAPTER 3 V' .
DG
r "~
AUTOMATED MILITARY CONE PENETROMETER Qﬂq
~
h,\
A
[ ]
-’N
3.1 PURPOSE OF THE AUTOMATED SYSTEM o
e
A
20
g
As mentioned in the previous chapter, the operator ot the )‘r
standard mil!itary cone penetrometer {s required to accomplish :4?.
--'.p‘:
many tasks during the performance of cone penetration cperations. :?4
!.' I\
o
The feasibility of such a labor intensive procedure is ST
®
questionable; and <*hus, the need to relieve the burden of the };ﬁl
. -f'l
] cperator in the data gathering process and to make the overall 'Eﬁ.
v - ., !
I. f-
N cone penetration operation more effective and efficient |is ';?h
A established. Specifically, this means getting more exact data “:.
l\"(.. E
N, t
: for geotechnical purposes to {dentify the sofl, {ts strength B;A
s B
\ properties, and its performance aspects (n trafficablility ﬁ?
) %
' studies. -
',:'.-
This need to facilitate the data gathering process led to ﬂ::
I._ *
L)
the design of the automated system presented {n this chapter. a::\
N Yo (]
A
This autcmated system establishes the means by which an efflcient ®
r s
and feasi{ble data acquisition system can be employed to improve :f::‘
(S S
the data gathering process of soil resistance and depth of Q?E
- N
K penetration involved {in cone penetration operations. Thus, the ';*
- system presented In this research provides a simple mechanism ty t}t
"‘:’_\"
h° which a greater quantity of precise data can be retrieved in a tﬂ\
] ol
N )
much shorter time period than previously occurred with the oid ASAR

}
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system.

Following a discussion of the constraints and performance

R e

requirements which were applied in developing the design of this

system, & general discussion of the developed automated military

Py
cone penetrometer system will be presented. Subsequent sections A
-f‘s-l
will then present the particular aspects of the various f:f
o
s
components which make up the automated cone penetrometer system. ~h;

@

The final section will discuss how data is retrieved from the

apparatus and util{zed for analysis,.

rx

WA
3.2 DESIGN PERFORMANCE REQUIREMENTS AND CONSTRAINTS !
3
The automated data acquisition system designed for the Eﬂ
military cone penetrometer was developed with the major objective '2:
being to provide the military with a more effective and feasible E;{
means to conduct cone penetration testing. As noted in Chapter EE?
2, TM 5-332 {ndicates that one of the major sources of error in E?
cone penetration testing {s the proper annotation of the depth of S;
penetration and the corresponding cone {ndex value. Therefore, EEE
the focal point of the objective in this research was to develop E:E
a procedure by which to eliminate the conventional technique of _3:
annotating data by hand and to replace this technique with an a&:
automated data acquisition system. In establishing this overall E;&
objective certain inherent performance requirements and ,;:
constraints for the automated wmilitary cone penetrometer system iggi
were fostered prior to the apparatus’ actual development. ;ﬁ%
The first constraint was that ¢the system should remaln .;’
e
b
o
R L L L o oD D A NS
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portable and capable of being a one parson operation. Therefaore,

v
r @

b’

£

e
b

as many of the components as poOssible from the conventional

system were ut{lized without significantly changing the overal!

7t

size and weight of the apparatus. 0One small change was that the

"
"

length of the shaft was fixed at 30 inches tc accommodate a 24
inch maxi{imum critical depth of penetration as discussed {n
Chapter 2. The major change {n establishing a one person
operation scheme was the development of an automated data
acquisiftion system. This required that a self-contained data
acquisition system be developed which could easily be transported
and attached to automatically gather data. This led to the
development c¢f the instrumentation package to be further

discussed in the next section.

Another constraint was the need to provide a data ®
acquisition system capable of gathering data on soil resistance :$:
S

S~

which would be compatible with the miiftary's current published o

L
22

data base uti!ized {n establishing a soil's trafficablility

charscteristics as discussed in Chapter 2. This detailed that

EA A
. @
‘;'.P'I{:

the position of the load cell be such that {t would mode! closely

i
r
» ')1

the performance of the proving ring and dial system used in the Q
conventional method. Therefore, the load cell needed to be ggﬁ
positioned between the cone penetrometer handle and shaft. In Eii
addition, the conventional! proving ring and micrometer dial ;Ej
system has a capability of measuring a maxi{imum applied force of f::l
168 pounds thus establishing the need to provide a load cell with ;;i
at least equal capacity. A 200 pound load cell was ultimately :3:
s N
N
o
N
@
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placed in the automated system. The size of the locad cell was
based mainly on supply and the need to conduct laboratory testing
where a capacity greater than the 150 pounds may be needed.

Along with the need to obtain soii resistance data was the
requirement to automatically gather the corresponding depth cf
penetration. A linear potentiometer or string pot was placed in
the device to provide this capabiliity. The basic constraint on
the potentiometer was the need to obtain data to a minimum depth
of penetration of two feet. The final active length of the wire
utilized was 27 inches which provides a free play of three {nches
for maneuverability and to aid in reducing the likelihood of
damage to the potentiometer by overstretching or breaking the
wire.

The presence of the potentiometer entajled the requirement
to provide a mechanism by which the wire could be anchored during
testing. The mechanism chosen was that of the foot rest. The
foot rest not only provides an anchor for the wire of the
potentiometer but also establishes a standard for the operator to
position his feet. The position of the feet during the conduct
of cone penetration testing with ¢this device ccoculd be a key
tactor in obtaining correct soi{l resistance values as will te
further discussed {n the results section of the laboratcry
testing program in Chapter S.

With the means of measuring the soil resistance and depth of
penetraticon established, the requirement of conditioning and

logging this data was undertaken. This established the need for
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a data logger. The performance requirements placed on the data
logger were as follows:
-~ portable and smal!l enough to establish a self-contained
system that could be operated by one person.
- sensitive enocugh to gather and store soi! resistance and
depth of penetration data at an interval of .25 {inches over
a depth of 24 inches at a rate of penetration of 1.2 {nches
per minute.
- sensitive enough to establish extreme changes in the CI
during penetration testing.

- low power drain.

- capable of storing data from numerous cone penetrations. Ei;&
The United States Army Corps of Engineers at the Waterways iﬁé
Experiment Station (WES) {n Vicksburg, Mississippi, was in the tj:i
process of conducting various experiments where the need to E;?
utilize a data logger wvas being undertaken. The experience, ?ggé
knowledge and ability of the personnel at WES to construct a :"‘.‘.':.
signal conditioning system and utili{ze a data logger was tapped g@?l
to aid {n the final design and to provide construction of the EE _':
self-contained instrumentation system snown {n Figure 3-1. 5$¥

The data logger board chosen to provide the brains to the is;é
automated cone penetrometer was the 'Model! [V Tattlietale Data ;gk

Logger’ produced by the ONSET Computer Corporation. In general, E}&:
the Tattletale s a pocket si{zed, |ightweight, and battery based §é&
device with a built-in BASIC operating system for data gathering Egs
capabil{ties (Tattlietale, 1987). Further discussion of the a%g
..
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particular aspects of the data logger will be presented {n fatdy
L J
subsequent sections of this chapter. The small s{ize and %ﬂpﬁ
"
“ i
tremendous capabili{ties of the Tattletale enabled the final ::'v."
5
o
fabrication of the automated data acquisition system to be ,_‘q
[ ]
successfully completed. ?{3;
-?":f
The completion of the automated data acquisition systenm :%}{
e N
[
required that the apparatus be functionally easy to understand }tﬁi
and operate. Theretfore, ¢the ¢ftinal step in the design of the ?“‘
L
(X
L] J
automated system was the concurrent development of the control Y
e
board, located on top of box 1, and of the computer program. The Eh_
Yy
\"P a
computer program which is placed Iin the datas logger is the key ®
SRR
element in establishing simple, efficient and effective control : '
I tepty!
measures throughout the automated cone penetration operations. S('E
',
With ¢the completion of the instrumentation boxes, the control "; .
LyT
measures, and the computer program, an automated military cone ?Ef
-~
-
penetrometer was developed that facilitates the data acquisition :r*'
)," ]
process of soll trafficability studies Iin mil{tary operations. a5,
®
NN
oW
3.3 GENERAL DESCRIPTION OF THE AUTOMATED CONE PENETROMETER ;V:}
) o
‘ R

The automated military cone penetrometer utilizes the same
3/8 inch steel shaft (except 32 inches in length), cones (.2 and

.5 square inch base area) and handle provided for the standard

cone penetrometer as presented {n Chapter 2. The proving ring
and dial have been replaced with two electrically instrumented {ffh

boxes. A foot support with washer has been added. Figure 3-2 '?‘ﬂ

I I I N AN -},-.’.'.-J,-I"._‘(v."ﬁf~-"\.."...'-'_\._...h
A A AT Tty LMy M, N e R R e R e
R S e e o o S A B Y e S T Y Y N0




2%

depicts these components of the autcomated coOne penetrometer
system. It {s noted that, based on the design requirements
established by the researcher and as stated In section 3.2,
personnel at the WES designed and constructed the details of the
electronic instrumentation used in this device.

The two separately instrumented boxes are secured t2 a
common metal plate forming what s called a self-contajined
instrumented system made of hard plastic which encases a load
cell, potentiometer, and data logger with signal conditioning.
The self-contained instrumented system measures 7.5 inches {n
length, 6 ({nches {n width, and 3 inches {n height. These
components of the instrumentation provide the means by which data
tor the soil! resistance, penetration distance and rate of
penetration are automatically gathered and stored for snalysis.
Further discussion of the specific details of these {nd{vidual
components, which comprise the data acquisition system, will be
presented in section 3.4.

As mentioned above, the self-contained system consists of
two separate boxes and sach serves a specific purpcse {n the
operation of the automated military cone penetrometer. As
depicted in Figure 3-3, the boxes have been numbered for easier
reference in the discussion to follow. Box 1 consists of a tcp
with various operational control knobs and windows which are
utilized by the operator throughout the process cf corne
penetration testing to accomplish specific functions {n gathering

and analyzing penetration data. Through the manipulation ot

- v o an g i Jine AP Gev Sk Set sas et el BabJhol Safl i Aokt A0 Rl Sl
2 0 Tt 4 h i s A A SARA SRR NG At S LSS A AL S AMAMALSY av Ani gt ars Pl sxil a=y MARANCNCINERS SRS AR AR AR A A A R A ) ol

rl
L4

.
‘\.'fr'}

P
AL
LK

5, &
P4
.

P4

EAC s
s

;..5
a

" .
.

e

e

Y

Y

s 5 ‘l'..l'-
s
)

.o
S
P
' 3
o'l
'l

.
N !

.

s -

ey,

ISR

PR

NS

.,
v

5@

’
LAY

LA L S
:J?aﬂ



&,

X

0" et St 4

oha® S fah o tgh ot e il S0e

e A

¥

W

iy et

L0

Laf
-

Py

L fha
-

Ja* )

it bt Nt

ot i

Sotataltat ol

b et gt

ot

W,

P S Sa et oliat 0at !

s
M_.\\ 1

AL SLLL S

- L ] ““u-m-- ‘\\\ h'

. TE Y K o2 R & \\\ﬂ\“\\ AN RN AR e W NN O
PR ; F @A LAt @SRt @ S ] O SIS O Y T
AL SN g . S i T L ] S S S A 7

Eal

-

-

n\-
ARG
(SELNEN
Yatalayata

-
Al A

I
"'h.\ A
v
.

-

7. v

..

N T N e
P PR P VN, P, VLY

IR

Y

L
-
™.
-

-
P

ES R )

alalal

<

.
Aalla®

CONE FENETROMETER

COMFONENTS OF AUTOMATED MILITARY

-
- -

FIGURE




,q‘.wuwa.|.
KA OO
Jv.v.xﬁh& AN a.n .;
» . . .
ss..\..\J\...-\ .......... ..

£S

‘ d01S | WNAIINI

_ O
;W CNny S3L3W0dL3N3d anpp AddLivEeo

Q3 LYWOLNY D
HJAOW vINY s |

o] O [

youw 2 dWNQ : £ P

your ¢ 3v31D 0'GC49] ] Q

you! | 30 1L INOW 1HIIN
I x0d

TP VIEW OF INSTRUMENTATION 89X

vl HIVH

3

FIGURE 3-3

JOLI3INNDI 3734 2€2- 99

R OB B B ek SR e e e o w- o a SRR - an, wh SR B G em e . B A S e, v o SIS A . Aw et B A aa e, g = e el BB Bl . SR



T R R e T Y Y Y Y N Y Y T Y T A T e T e e T T T R TR AR AR ST ER TR T R e N

-

32 :\'5

these controls ¢the operator s able to communicate with the h’

computer program {n the data logger to specify a desired
function.

Box 2 encases the load cell, potentiometer and power source

required for these two measuring instruments. Located at the top

(N [ )

of box 2 s the standard cone penetrometer handle which is

LB s

attached to the load cell insi{ide this box. The 39 inch shaft is

v
FAMDEY

10 .

attached to the other end of the load cell at the bottom of box

'y
1§

2, and the potentiometer string, which protrudes from an opening Ez»
in the bottom of this box, {s attached to the foot rest as shown ?E
{n Figure 3-4. To complete the configuration of the automated ?;'
mili{tary cone penetrometer, the washer (s placed on the shatt and ;i;’
the cone of selected size is attached to the end of the shaft. S&
e
The washer {s placed between the foot rest and the cone to aid in ir
lim{ting vertical deflection and thus decrease the possibility of i;'
overstretching or breaking the potentiometer string. Figure 3-5 ;E
shows the automated cone penetrometer in the operational mode ﬁﬁ_
with all attachments and components {n place. 5&
The specific purpose of the control knobs and the functions isg
that the automated military cone penetrometer igs capable of 333
performing will be discussed In the following sections of this '?i
chapter. The operational use of the automated cone penetrometer jE:
in accomplishing the specific functions entailed in ccne ?Ei
penetration testing (s presented {in Appendix A, "OPERATOR'S :;1
MANUAL". This manual provides a step-by-step procedural ocutline iEE
for the operator of the automated military cone penetrometer to Sﬁ;
.;.'l.
B
o,
ffi:'
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follow 1in performing any of the functions available for the
apparatus. The manual was prepared separately to provide a

stand-alone reference document for the military operator.

3.4 COMPONENTS OF THE AUTOMATED DATA ACQUISITION SYSTEM

This section will discuss each of the major components which

make up the data acquisition system of the automated military

cone penetrometer. The specific detafils and features of each of

these components will be presented separately.

3.4.1 The Load Cell and Potenticmeter

The automated cone penetrometer system utilizes a 202 pound
capacity load cell for electrically measuring the vertical force
applied to the penetrometer handle during penetration testing.
The placement of the load cell between the cone penetrometer
handle and shaft is not in agreement with current technology
utilized by the manufacturers of the commercial electric-friction
cones. These commercial cones follow the impetus that there is a
need to measure the bearing capacity of the cone tip and the
friction on the sleeve separately. This 1is accomplished by
placing the electrical measuririg devices within the cone and on a
frictional sleeve along the shaft. (Chourey, 1984) Even though the
need for such techniques in measuring have been established, the

requirement of the automated cone penetrometer to maximi:ze
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utilization of the extensive data base which already exists for

,

[ R
P

widy

the standard military cone penetrometer in establishing goi

e
ey
e P g

trafficability is overriding at the present time.

r¢é§i

A linear potentiometer is utilized in the automated mil{itacy
cone penetrometer to electrically measure the depth of
penetration. The wire on this device has an extended length of
27 {nches and as previously presented, this length meets the
specified requirement to obtain data to a critical depth cf 24
Inches during the conduct of a penetration test.

Referring back to Figure 3-1, the power source requirements

of the Icad cell and the potentiometer located in box 2 are
supplied two common size 9 volt transistor batteries. AsS shown ﬁ;i
AR
in the fligure, these batterifes are Jocated {n secured siots ;ii
within the box. The present apparatus makes no provisions by ;Ei
which these batter{ies can be recharged nor switched cff ;&;
externally. Such a design causes the locad cel! and the §R£
o
potentiometer to drain the power source below an acceptable leve! s&:
within a very short time. Therefore, the researchers at Georgia ﬁ;E
Tech were continuously having to remove the top of box 2 and EES
change the batteries every four to six hours to insure proper EEE

measurements by the load cell and the potentiometer. The :*
location ot the batteries Iinside the box with no provisions of sg
external control for switching the power off and for recharging &?
them {s noted by the researcher as a major shortfall in the 1;'
present design of the apparatus. %
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3.4.2 The Data Logger
As stated previously, the data logger board chosen to

provide the brains to the automated cone penetrometer was the
'Mode! IV Tattl!etale Data Logger' produced by the ONSET Computer
Corporation. It {8 noted that the majority of the {nformationr
concerning the specific details of this device and as presented
{in this section are summarized from ¢the Onset Corporation's
reference manual for the Tattlietale Data Loggers.

The Model 1V Tattletale data logger provides an 8K Random
Access Memory which {s expandable to 512K, an interface of 16
digital {nput/output lines, an eleven channe! analog to digital
converter, hardware for universal asynchronous receiver/
transmitter (UART) operations, and voltage regulation ot 7-15%5
volts {nput and 5 volts (+3%) output (Tattletale, 1987). Figure
32-1 shows that the Tattletale {s located in box i and connected
to an interface board designed for the automated mili{itary ccne
penetrometer by WES.

The Tattletale is contfigured with connections at six
locations: one at the 8S-volt battery connector, one at the 960870
baud modular connector (UART), and four at jocations which
connect to the interface board. The Tattletale (s connected to
the interface board which will condition the analog and digital
signals coming in and leaving the bcard by use of @.£25 inch
square pins, As shown {n Figure 3-6, the Tattletale data logger

consists of 36 connection points divided between the analcg,
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digital and serial £.025 {nch pins, f{ve at the power pin
sockets, six at the UART and two at the connection point for the

S-volt battery.

. ¥y

)

,‘ The eleven channel anslog to digital! converter on the
Tattletale possesses a 1¢ bit resolution,. The channel numbers

-\

E: and locations are as depicted {n Figure 3-6 and only chanrel

%E eleven (Al12) has been preassigned (contains a thermistor) leaving
the other ten analog I{nputs undedicated. The converter makes

ratiometric measurements which are relative to the supply voltage
from the interface bocard. In the automated cone penetrometer
design presented for this research, only channels & and | were
used. Channel @ (s wused for reading the soi! resistance in

pounds of force measured by the load cell and channel 1 {s used

2

tor reading the depth of penetration (n inches measured by the

L]
l{near potentiometer. The {nstrumentation within the automated :Eg
system |s configured to amplify and f{lter the analog inputs from %;
these devices before being attached to the Tattletale converter. :iu

Each of the 16 digital input/output lines on the Tattletale ;E:
is avallable for use as either an {nput or output depending on E;:
how the logger has been programmed, The Model [V Tattlietale's E?E
only requirement (s that Pin %4 (D4) be placed in a loglec high é{.
mode at power up to insure that the Tattletale board wil!l turn- ;g;
on, An interface board was desi{gned at the Waterways Experimen: ?E
Station in Vicksburg, Mississippi, for signal conditioning ard ;;
additional {nput/output capabillity by making contact to the 2.22°% :Zé

e
inch pin strip digital connections shown on Figure 3-6. Tre 'fﬁ;
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: specified function of each of the sixteen pins {n the current £

design ot the automated cone penetrometer are as follows:
Pin #2: R/S Button
Pin #1: Run/Stop Switch
Pin #2: Liquid Crystal Display (LCD)
Pin #3: Not Used (Set High in Program)
Pin #4: Not Used (Set High in Program)
Pin #5: LCD
Pin #6 through #8: Mode Selector Input (Muitiplex)
P{in #9: Mode Selector Output (Multiplex)

Pin #i1g8: Lightbuld

y
A
L)
)

%)

Pin #t1: LCD e
s

R

Pin #12 through #1S: Thumbwhee! for Area Pt

e
%
Pl
Ry

A multiplex configuration was utilized to provide additional

ol
P

fnput/output capablility of the Mode Selector Switch. This

<

<

multiplex {s configured to use pins 6,7 and 8 as inputs and pin 9 ;:
as an output to provide this additional capability in the use of 3:
the Mode Selector Switch. 3§;
DAY
The UART, modular hardware has been programmed to run at ES
9602 baud, eight data bits, one stop bit and no parity. The KN
RS-232 interface cable uses a six pin modular connector to ;{,
connect to the UART at one end while the other end "has a female ;E?
25-pin D-subminiature connector” allowing direct connection to an Efi
IBM or compatible computer’'s serial port for communications’ fiﬂ
capability. The drivers for the RS-232 are located {nside the :gg
interface cable thus establishing what is called a TC-4 cable by Eég
o
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the ONSET Corporation. Figure 3-7 shows the TC-4 communications’

X
X

cable connections.

The Tattleta!e is configured with a connector to accommodate

P4
\.:‘J',J{.

b

a common S9-volt transistor battery. To insure proper operation

S Y T e

LA AL
P

;

of ‘components, the Tattletale Mode! !V requires 7-15 volts for an

S TS ERYYY I N PSS LA A, O W
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input range and 5 volts (+3%) for output. The contrel box, box
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1, {n the automated cone penetrometer des{ign is configured with

e
Spre

.
.

an external ON/OFF Switch on the controcl panel to prevent
excessive drainage of the 9-volt battery supply.

The Tattletale’s main power source {s the S-volt battery,
and {f this battery s removed or the voltage falls below 6.5
volts then the device will transfer to {ts lowest power mode.
The Tattletale {s also configured with an onboard 3-volt CR2832
I{thium battery which, as stated by the ONSET Corporation, should
maintain the existing program and data {n the device for
approximately six months when the device is operating in the |ow

power mode., Once the main battery is reconnected the Tattletale

|
.
ERCA
W
a0
R
A
' \"
v
FoaNS

~O.

board will automatically restart the program at l{ine 100 due to o

internal cunfigurations of the device's ROM. This automatic %;‘

restart at line 109 {s a very important point which must be gﬁ;

considered during the development of the computer program. In ﬁx
: addi{tion, it shouid be noted that {f the external! switch is i;i
5 turned OFF and the UART TC-4 cable {s left attached to the Eé;
, Tattlietale, then the life of the CR2032 Iithium battery is NN
: shortened tremendously. This excessive drainage (s due to the Egi
fact that the drivers for the UART are located in the cable and E;?
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are therefore continuously using the power of this battery.

A Liquid Crystal Display (LCD) has been incorporated into
the control panel of the automated military cone penetrometer to
provide the operator with visual information during the process
of selected functions. The visual ({nformation 1is depicted In
three situations. Two of these situations occur in the
calibration function of the apparatus as the operator {s able to
visually check the load cel! and potentiometer calibration by use
of the binary digits depicted in the display. The other
situation {s when ¢the actual force applied to the cone
penetrometer s depicted on the display during the conduct of
penetration testing Iin a soil. The designation of the three pins
previously depicted for use of the LCD {s in accordance with the
ONSET Corporation’s internal program development for the

Tattletale data logger.

3.4.3 Features of the Computer Program

Basically, the computer program's development stems from tne
need to provide a system which i{s functionally easy to understand
and operate and simultaneocously able to provide more accurate data
{n a shorter time frame. Noted is the fact that, based on the
performance requirements and constraints as presented in section
3.2 and specified by the researcher, the actual writing of the
computer program was initially completed by personnel at WES and

edited by the researcher. Since the operational controls desired
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of the automated military cone penetrometer had a great {nfluence
on the computer program'’s development, a short discussion of each
of these controls will be presented 1n conjunction with the
discussion concerning the development of the computer program.
The detajled operational use of these controls during actual
automated cone penetration operations {s presented in the
"OPERATOR'S MANUAL" located in Appendix A.

The Model IV, Tattletale data logging device, utilizes an
operating system called TattleTale Beginners All-purpose Symbolic
Ingtruction Code (TTBASIC). This language provides the computer
programmer with the opportunity to take full advantage of the
simplicity of the BASIC language and the ability to modifty 1t "to
conform to the requirements of a low-power data logger."

(Tattletale, pg.9) In addition to the discussion of the computer

program’s development, this section will also present the special
features of the TTBASIC language utilized 1{n the process. The
computer program which was finally used for the basis of analysis
in this research project is iocated in Appendix D for reference.
Specific features of the TTBASIC operating system establish
certain aspects of how the computer program {s to be written.
First, the Tattletale will only communicate with "upper case” for
all aspects of the program except for string constants and
program remarks. Second, the device only supports integer
constants, Therefore, no decimal points, commas or exponential
constants are allowed. Decimal point values which may arise from

arithmetic operations ({n a program will automatically be
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disregarded and not stored. The development of the computer
program for the automated cone penetrometer required that decimal
point values be stored to an accuracy of two decimal places;
therefore, arithmetic values were manipulated by constants to
meet this requirement as shown in Iines 9358 - 9438 of the
program.

The computer program as depicted {n Appendix D {s separated
into parts or subroutines to facilitate program development and
editing procedures., The first 99 |lines define the variables
utilized throughout the program. As seen In the program, the
Tattletale accepts a wide range of integer variables represented
by the capital letters, variable integer arrays represented by
the "@" symbol, and the "?" symbol for establishing time
variables. Whenever any of these variables are changed, the
Tattletale must be executed from the computer keyboard to insure
that the program understands the change {n variable values. The
execution of the program requires that the operator RUN the
program which causes the Tattletale to start the program from
line {| and thus redefine the variables. The reason for executing
the RUN command from the keyboard when the variables are changed
is based the previously noted point that the Tattletale will
begin all operations beginning at line 108 wunless commanded
otherwise.

The variable designations are immediately followed by the
subroutines, which comprise the main program. These subroutines

are broken down by control measures/modes which have specific
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Iines designated to their wuse for completion of the particular
function that the automated cone penetrometer operator desires.
Following the procedural outline established In the Operator’s
Manual for a particular function, the cone penetrometer operator
will cause the computer program tc be activated and the specified
function performed. The following paragraphs will analyze each

of these specific functions in the computer program’s listing.

Select Mode: The Mode Selector Switch {s utilized to select
the particular mode of operation which the operator desires to
perform. As depicted in Figure 3-3, this switch {s wused to
select from one of ¢the following modes of operation: Clear; 1§,
.5, or .2 Inch; Calibrate; Mark; Dump. Line 310 executes this
selection and directs the program to lines S8F to 76@ which
define the mode that has been chosen by the operator. A8 shown
in ¢the program, lines 500 to 768 have Dbeen developed to

supplement the multiplex, which was discussed previously.

Clear Memory: Thi{s function allows data which may be stored
in the data storage arrays to be cleared from the memory of the
Tattletale prior to further testing. After selecting the Clear
mode of operation and following the procedures as outlined in the
Cperator’s Manual for "Clearing the Memory" lines 3208 - 309¢
will be executed in the computer program. Once this command is
executed there {s no way to retrieve any data which may have been

stored in RAM prior to {ts execution.
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K 1, .5, .2 Inch: This function on the Mode Selector Switch ;$\j
:, i{s utilized to designate the size of the right circular cone E;E
: which is being utilized for a particular penetration sounding. ;;y
& Lines 570 - 680 establish whether the pins are set in a high or g&

:‘:f low position, thus designating which cone size has been chosen. EE:::

é When the hard copy data is finally retrieved/dumped from the data E&E;
. logger, the data deplicts which cone was utilized by printing 1;
? either a 6 or 7 for the .S and .2 square inch cones, g;:
| f
y respectively. As shown {n Figure 3-8, the CONE size for these glé

particular penetrations designates a 7 which corresponds to a .2 ?;
| square inch cone. It {s noted that one shortfall of the current g;{
; program is the fact that the variable designating the location of E¥~;
" the base of the cone (line 56) must be redefined when alternating \;
f cone sizes. This redefining of the variable {s required to S:'
; insure that the initi{al reading of a cone penetration is measured EE;j
j as the base of the cone becomes flush with the soil surface. :éf-
{ Once the particular cone size has been established, the f&ﬂ
é program f{s set to begin collecting data for an automated cone Ezgj
X penetrometer test. Data collection s established in the i;&
O subroutine which s represented by lines 5000 to 5458. These u?.

l{nes were developed with the Intention of collecting continuous

(LR W

sol!l res{istance and depth of penetration data and then storing

the average of each.

Specifically, the data logger is accepting

, continuous data from the load cell and potentiometer over a depth ol

of .25 inches and then averaging these values over this depth to

isﬁgb'

L s T

’,
hY

¢
'l

e
'f.‘.

s "a )
£

]
i. -
‘t
h
l. .
P
Y
n,’
/
v
'l
Y
F
'
o .
1' h
A
J‘,
’ﬂr
P4
>
h
P
,l"l
L]
‘.(
PR
~ 5



46

establish one value of soci! resistance which corresponds to a
specifi{c depth of penetration. The average soil resistance data
point is then stored with the corresponding midpoint of the depth
of penetration in the data logger by lines 7008 to 7220 of the
computer program. It s proposed that the averaging of these
values should provide a more realistic value for soil!l resistance.
In addition, the computer program utilizes the internal
clock {n the Tattletale to store time data points which
correspond to the time at which the average data point is stored
in the data logger (reference l{ne 52802). Also, the light s
turned on during the testing operation at line S115 and then
turned off to designate successful completion of the testing to
the critical depth at line 5440, This determination of depth is
provided by the depth of penetration readings which are measured

by the potentiometer and transmitted to the data logger.

Calibrate: This function i{s utilized by the operator of the
cone penetrometer to check the calibration of the automated data
acquisition device which is presently being utilized. The load
cell and potentiometer are calibrated to show a specific binary
digit value 1{in the LCD of the control box. The binary digit
calibration value for the load cell was 2.35 binary per pound
while ¢the potentiometer’s calibration binary digit was 23.93
binary per inch ((In ¢this research. These values were then

multiplied by a constant to keep the decimal point accuracy as

seen in Ilines 780 and 72 for the sol! resistance and depth of
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penetration, respectively. The operator can check tc insure that
these binary digits are within tolerance by tollowing the
procedures as outliined in the Operator’'s Manual which execute
line 412 and subsequently lines 6800 - 6272. Any time that the
load cell and potentiometer calibration values change, due to any
maintenance operations on the device or replacement of measuring
devices, then the computer program @ variables must be redefined
accordingly. In addition, the program must be executed from the

computer to Initialize the new variables as stated previously.

Mark: This function allows the automated cone penetrometer
operator the ability to "mark"™ a particular penetration for any
reason. Such a condition may be exemplified by a penetration of
the soil where the <cone hits a rock at the 18 inch level and
subsequently the rock breaks due tc an i{ncreased applied force to
the cone handle thus giving a full range of data over the
critical depth of 24 inches. The data from such a penetraticn
may be suspect and would possibly provide erroneous data unless
designated by a Mark. Following the outline in the Operator’'s
Manual, the operator causes the data logger to execute line 340
which subsequently executes lines 8000 to 8032. Again, the
computer program utilizes the light located on the control rpanel
tace to {ndicate to the operator that this function is being

executed by turning the light on.

Dump: In general this function allows the automated
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48
military cone penetrometer operator the ability to communicate
with the Tattletale data logger. This function provides the
means by which data {s retrieved after the conduct of penetration
testing and by which the computer program can be edited as
needed. Detajiled explanations of the required peripherals to
insure proper communications capablility between ¢the Tattletale
and the computer are discussed In the next section on data
retrieval and in the Operator’s Manual. Following the procedures
outlined in the Operator's Manual for the Dump mode, the operator
causes line 35¢ to be executed which subsequently executes lines
99009 to 9770. As seen In the computer program, |ines 9028 to
9779 detail how the off-loading of data collected {n the data
files is to be accompiished. These lines were written with the
intention of being able to retrieve data {n a column format which
could subsequently be manipulated for further analysis using an

electronic spreadsheet such as LOTUS.

Lines 20080 to 2368 are utilized to develop the subroutine
which executes the LCD. This procedure is in accordance with the
specifications of the ONSET Corporation’s User’s Manual for the
Tattletale. Also, lines 800 to 840 establish the position of the
thumbwhee! which designates the area which {s being tested. The
purpose for this switch {s to provide the operator with a crutch
in scecifying work areas when nmultiple cone penetrations are to
be made at various sites prior to the off-loading of data. The

thumbwheel/Area switch 1s depicted on Figure 3-3 and can be
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N
utilized to designate 12 different areas from @ to 9. The et
position of the Area switch during penetration testing will be ol
presented {n the formatted data during the retrieval process. :Jit
:.' -‘l:'
-’\
-
c-“-:
3.5 RETRIEVING USABLE DATA .
.,\ d
LN
|" o
CaN N
T
The requirements for the retrieval of data are broken into v::
-‘. *
S 't
two general categories, that being retrieval and storage of data [
during penetration testing and retrieval of the stored data St.
g
following the completion of penetration testing. The H\“
AN
S\
requirements for the retrieval and storage of data during the *.
- N
conduct of penetration testing were discussed In the preceding f;f‘
Ny
section concerning the computer program and are procedurally *{ﬁ,
A
e A
outlined in the Operator’'s Manual {n Appendix A. Therefocre, this Gy
®
section will concentrate on discussing the requirements for data ?fj
O
retrieval from the Tattletale (data logger) at the completicn cf ;;;
N
penetration testing. Ravs
®
O
3.5.1 Equipment Requirements NG
\_,\._'
\n\h
'-'\:.'
The Tattletale {s capable of communicating with a wide :!,
A
N SAY
variety of computer systems which {nclude the APPLE, IBM, and ‘?ﬂ
‘.l,.,:
compatible computers which are equipped with communications’ :jt}.
r..‘l’.
capabilities. For the conduct of this research, two different ®
P
computers were utilized: the IBM standard and the [BM :Q?F‘

Convertible. Any communications’ software capable of accepting

W, -l}.:l' Loy : NNy

o d'.' P : > -~
R TR AN A A
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Se
the standard vari{ables, discussed previocously 1In the section
concerning the UART, can be utilized to link the computer to the
Tattletale. In the conduct of this research a communications’
software program called MIRROR was used. The following
paragraphs will discuss the particular attributes provided by the
computers and communicationg’ software and how these two devices
are utilized to retrieve data from the data logger.

Both of the computer systems contained a standard dual
tloppy configuration with the [BM standard being equipped to
support a third disk drive that accepts a 3.5 inch disk. The
need for the 3.5 inch disk drive is twofold. First, an {nitial
requirement of the automated system was that {t be fully capable
ot being transported to the field {n the most efficient manner
possible. This requirement Jled to the utilization of the IBM
Convertible computer which is easily transported and can
facilitate the function of retrieving data in the conduct of cone
penetration operations in a field environment. The convertible
computer utilizes a 3.5 1{inch disk; therefore, to take advantage
of the speed offered by the IBM standard, which uti{lizes 5.25
inch disks, the external 3.5 1inch disk drive was added to
tacilitate the evaluation process of retrieved data. Second s
the amount of storage capacity available on a 5.25 versus a 3.5
inch disk for data retrieval. Basically, the 3.5 1{nch disks
provide 7208k of storage capacity which is twice as large as the
5.25 inch disk which provides 36@k of storage capaclity.

The only requirement of the communications' software is to
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insure that the communication variables stated previously for the
UART are placed in a file on a compatible communications’
software disk. The execution of this ftile {n a computer system,
equipped with MODEM capability, provides the operator of the
automated cone penetrometer with a compatible system to
communicate with the Tattletale data logger.

Physical l{nkage of the computer to the Tattletale is
accomplished by using the RS-232, TC-4 communications cable, with
the male end attached to the Tattletale data locgger and the
female end attached to the computer. Following this physical
connection, the Dump mode is established as stated in the
Operator’s manual followed by the execution of the
communication’s file. The execution of this file will establish
successful linkage of the computer to the Tattletale data logger.
At this point the operator is able to retrieve the data in the
data logger by following the steps outiined in the Operator's
Manual or to edit the program as needed. The editing of the
program can be accomplished either by wuse of the TTBASIC
operating system, which {s relatively the same as the BASIC

language, or to use a special editing program.

3.5.2 Manjipulation and Interpretation of Retrieved Data

Once the operator has successfully completed the procedures
as outlined in the Operator’s Manual for the retrieval of data,

the data from the penetration tests are automatically stored con a
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N
disk {n the format as shown {n Figure 3-8, The penetration tests :f‘
[ §-
are numbered and stored sequentially; therefore, tests will! be ru’
ol
listed from left to right with the test furthest to the left fxx
e
: being the first penetration test and the test furthest to the :Q?
v oot
right being the last penetration test. The format used to store [ )
! Sy
the data allows the data to be easily imported into an electronic ?d&
ados
spreadsheet program for manipulation. LOTUS 1,2,3 was used in S
) ' QY
o,
! the conduct of this research to manipulate the data. The “7.’
iy
manipulation of the data by _.O0TUS will be discussed {n general *:
WY
terms {in the remainder of this section and s procedurally 'k*i
Aoy ¢
O’
outlined in the Operator’s Manual for additional reference. !"JQ'
o
ﬂ Before any data is imported utilizing the LOTUS program, a 51}\
[ r.,,“-(_
X blank, formatted spreadsheet file as shown {in Figure 3-9 is :;{:
. BN
Py
constructed utilizing the LOTUS program. This tile is retrieved %ﬁi
®
1 at the initiation of the spreadsheet program and then the data KA
A
AN
tile created during the Dump sequence is directly imported so éﬁ?
A
"
that the columns in the data file line-up accordingly 1in the 'f{:'.;
pva

blank formatted spreadsheet file. This stage of data

L }.l {

.

manipulation i{s depicted in Figure 3-18. The retrieved data file 5-?

l expresses the soil resistance (force) In pounds and the depth in _Fﬂ}
positive inches. To facilitate the process of obtaining a cone o

& index, an additional column {s required in the spreadsheet t0O

NN Y S Y Yy
‘n’ P :'_:":’.4:' ,
5 \.' IR )

ﬁ divide the pounds of force by the base area of the cone to obtain
units In pounds per square inch (CID). In addition, another °
ol
column 1is created enabling the depth of penetration to be }ﬂ?
l.' f
)
f
multiplied by a negative one to accommodate plotting purposes. },:;
"
Dy
) o
4, ‘(
\J'
®
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Therefore, the initial portion of a completed spreadsheet,
utilizing LOTUS, will resemble Figure 3-11, At this point the

graph commands of LOTUS can be utilized to develop plots of Cone
Index (psi) versus Depth (inches).

The beauty of utilizing LOTUS to manipulate the data, as
presented in the above paragraphs, is that other, more powerful,
graphing and charting software programs accommodate the LOTUS
formatting of data to create graphs and charts. This capability
provides the operator of the automated data acquisition device
with the means of increasing the possibilities of comparing sets
of penetration tests directly in one chart or graph. This added
capability is evident in the graphs presented in Chapters 5 and 6

which were developed using the Microsoft Chart software.
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CHAPTER 4

LABORATORY VALIDATION AND VARIABLE TESTING PROGRAM

4.1 PURPOSE OF TESTING PROGRAM

The laboratory validation and variable testing program

established for this study has as its focal point the need to

verify the capability of the automated military cone penetrometer }3}
to provide reliable and repeatable results during penetration géé.
testing. Encompassed {n this overall objective of the testing igﬁf
program {s the need ¢to {nsure that the operational concepts of :EE(
the apparatus and the program in the data logger, as presented {n EE:
Chapter 3, are satisfied. In addition, specific testing ?%:
variables: rate of penetration, cone size, and concentrated 2
surface load effects on cone resistance data; are roughly

analyzed to identify possible modifications for the device and

P, S
fr_'-.’r“c_'", ;lﬁ)
T i ) _&,\.‘.

possible further research topics for analysis. In addition, the .8
RS
analysis of this program establishes observations on the :i:&
e
sensitivity of the device and the effect of boundary conditions Sﬁf
on penetration data. .':
The accompliishment of the validation/calibration testing "-El
phase in this program requires that the cone resistance data i%%
.-",‘:-'_.

obtained with the automated military cone penetrometer be

compared to the results from previous research efforts. In

addition to a comparison of the various controlled parameters to



RPN IO TV S W™ o » v h X el SO AAA R MMM AR G , W P AL i e e i® 5e® Bt Sa® Sl " Pt g e

.
»
“y

>0
Ed
A

59 Ay
results obtained by researcher publishings {n the readily

j available literature, this effort was vastly enhanced by data n

L

? available from research conducted at Georgla Tech i{n the early \; P

P
A .‘ra".-

s 1969's. The resulting data from tests conducted by Alexsander B.

0

" Vesic’® were available for the current project. The major reason

\

'.-‘.e
« v
Y

"y
«
]

b Y

§ for choosing this data as a comparison base {s the gecmetric

L

similarity between Vesic’s cone penetrometer and ¢the automated

\ B

! military cone penetrometer. In addition, Vesic's data was
N developed wusing a soil which is readily available to the
researcher. Also, the conditions under which Vesic's testing

program were developed are relatively easily modeled under

laboratory conditions. The aspects of Vesic's work are discussed

in more detail in the following section of this chapter.

Following a synopsis of Vesic’s work, the testing program:

to include soil properties, testing equipment and materials, test

‘ mode! preparation, and the testing sequence and procedures: will
: be presented. Chapter 5 will then present and analyze the
results of the testing program {n comparison to Vesic's work and ..

to relatively recent studles of the variabie effects on cone gfb’

’ resistance data. S
Y
) 4.2 VESIC'S TESTS ON CHATTAHOOCHEE RIVER SAND kﬁ

In the early 1968's, Alexsander B. Vesic' conducted a large

! scale testing program designed to analyze the "Bearing Capacity

of Deep Foundations {n Sand". These tests were conducted
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specifically to observe the bearing capacity effects of different

geometrical shapes of foundations on varying densities of a sand

faundation base and to compare these observations to
corresponding theoretical values. Chattahoochee River sand
provided the fcocundation base material for these tests and it

exhibited a grain distribution as shown iIn Figure 4-1 and
physical properties as depicted 1In Table 4-1. In the conduct of
these tests, one of Vesic’s primary concerns dealt with the
placement and the corresponding control of the dry density of
this sand base.

In placing the sand, Vesic’ utilized a raining device which
consisted of a container with a perforated bottom. Sand test
beds of desired densities and elevations were <constructed by
feeding the container by means of a conveyor belt haopper and
simultaneously lifting the perforated bottom container to
maintain a specific height above the sample. The theory around
this concept of placing sand is that the density of the sand test
bed being constructed is directly related to "the height of free
fall of sand as long as other variables (rate of flow) remain the
same™ (Veslic’, 1963). Figure 4-2 depicts the relationship
between the density of sand and the height of fall as established
by Vesic’ in the conduct of these tests. These tests
demonstrated that uniform test samples of loose and medium sand
densities, where the relative density is less than 7@, could be
constructed following the procedures digscussed above and

utilizing the relationships established {n Figure 4-2. However,
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PARTICLE SIZE IN MILLIMETERS

Grain-Size Distribution for Chattahoochee Sand.

As Used by vVesic!'
As Used By Vesic'
r
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<
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Figure 4-1
-

Table 4-1 Physical Properties of Chattahoochee River Sand

Coefficient of Uniformity
=

Specific Gravity
Maximum Void Ratio
Minimum Void Ratio
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Figure 4-2 Relative Density of Sand as Function of Height of Fall.
(From Vesic, 1963)
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the construction of sand test samples with relative densities ®

greater than 70 required that the sand be rained from a height of Yo
»

~

't::’

/s

@

30 inches through the perforated bottom container in 4 inch thick

bR

litts. These 1lifts of sand were then subjected to surface

"

vibrations to establish uniform dense samples.

"
»e

X
r‘v'

The key variable in the bearing capacity tests conducted by 2@5
Vesic’' was the need to insure that the foundation sand base test i‘tii
models constructed were of uniform density. In order to 3&&
establish the results as depicted ({n Figure 4-2 and to &EE}
subsequently establish the density of the constructed test model 3;:.

sand bases, Vesic®' utilized what he called "a simple static-cane .i
micropenetrometer™ to establish a correlation between dry density §k¢
of sand and cone resistance. This device had a base cone .
diameter of .5 inches and a shatt casing diameter of 3/8 inches. .
The device measures a total resistance, combining both point ;&_,
bearing and skin resistances. The geometric and resistance ;f

measuring characteristics of this device are the same as those of
the automated mil{tary cone penetrometer.

To establish the relationship between the cone resistance

values and the corresponding sand density with depth, Vesic’

[l s

s

conducted a separate laboratory testing series wusing the

I'.'I .I
s

micropenetrometer. This test series ut{lized a 24 x 16 x 68 inch A
WS
--.‘-' ‘u
box which was placed upon a set of scales and then filled in the AEREN
same manner as previouslily discussed for the construction of the ?ﬁk
R
s
sand foundation base. The known volume along with thre DA
.._.._,:.
corresponding weight as measured by the scales established the hateRN
_®
N
.':\‘c'.
e
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9.
N
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unit weight of the material. The micropenetrometer was then
pushed {nto the sand test bed by use of a screw jack at a rate of
4 inches per minute to establish the relationship between the
sand's dry unit weight and cone resistance (cone i{ndex) as is
depicted In Figure 4-3. This plot of cone resistance versus
depth was then utilized by Vesic’ to verify the uni{iformity and
density of the sand foundation base test models.

Figure 4-3 provides data which demonstrates key aspects of
the cone resistance relative to the sand's dry density and depth
of penetration. In general, the cone resistance value increases
with increasing penetration depth. Specifically, at any given
dry sand density, the cone resistance appears to increase rapidly
in the wupper portion of the soil strata followed by a gradual
increase with depth. Vesic’s data, as presented ({n the figure,
provides a <clear pilcture of what the cone resistances at dry
densities Iin the range of 83 to 97 pounds per cubic foot are
expected to be to a depth of S2 inches. In addition, similar
recent works by Baldi, et.al. (1981) have further <confirmed that
the relationship between cone regsistance and relative density of
a sand does qualitatively exist. Baldi's work established this
relationship for medium-coarse overly consolidated and normally
congolidated sands {n both dry and saturated conditions.

A key question at this point concerns the absence of data
for the anticipated cone resistance values with depth over the
full rarge of relative densities for Vesic’'s Chattahoochee River

sand. As depicted {n Figure 4-2, the data covers a range of dry
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ll::;'
densities from 83 to 97 pounds per cubic foot; however, as i‘.rt.-'
'
Y A
established in Table 4-1 and Figure 4-2, the minimum and maximum o
'.‘:"‘::"
dry densities occur around 79 and 1922.5 pounds per cubic foot, N
i'. 3
DY
respectively. Therefore, the cone resistance values with depth :::_;j
i N
must be interpolated for any value of dry density less than &3 J?;
and greater than 97 pounds per cublc foot. Because of the :.I-:':'
NN
apparent consistency of all of the curves, presented by Vesic’, :'~¢?;
T
this is not anticipated to be of great hardship. Unfortunately, vt
o
the point that these plots of data are so smooth over the range '\:f\',
AN
of dry densities will prove to be a questionable trait in itself. ;:::f:_
pLL
S
This aspect will be further discussed in the section which f-'_:'.’"
]
compares Vesic’s data to that observed with the automated R
Ay
military cone penetrocmeter. ooy
\S:-;,
~
o
[ Sal ] g
4.3 THE VALIDATION AND VARIABLE TESTING PROGRAM :,.'_.
*.':-.':
I\.x‘.
l‘.l\.
RSANS.
The testing program developed for the validation/calibraticn _«.';-.
P
of the automated military cone penetrometer follows the basic w.
AN
concept established by Vesic®' in the formulation of F{gure 4-3. ".::::-'
N
‘--‘.I
Specifically, the program establishes the means by which the cone :"::'r
A
LRy
resi{istance data obtained with ¢the automated military cone
penetrometer over various loose, medium, and dense dry densities :,"
Nl
of a Chattahoochee River sand can be compared to the data in _'_-f,‘-f:
Figure 4~3. Six series of tests, delineated by the dry density "'."-
!’".}
of the sample, were conducted with at least two series within '.-::.-‘
A,
each of the three general states of density. In total, this -:"‘;
e
\':'-':,
o
wi
e
:..l:
.
(P
-
-9
-~ (..,- 'p‘ '-...- . ." -'-.:..-..-"‘; .I.--I""I.;.l."'- ", '_."'.,. -'.-...q'. lh‘i‘ -fq -.'.'.J -.. v.. ‘J -.. -'. -'.".' ‘-.-‘v"."-"-"-“’.‘-.‘. - \., ._'_'.-‘..-.‘.\"\'.. “ _\i‘
!""’ '_‘" "- -\.'. ': o '-n :" O ‘-\'.\". '.\'.‘ " lf ’.DNJ’V 3‘%?"‘-”‘#"-’\-" 'i\-ﬂ-'\.'\-‘-‘-“'l .h.\.ﬁ\::\-'-‘v". -'\.' :\‘-‘.“:\,.':'. 2
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testing program consisted of thirty {ndividual tests spread among

the six series. Each indfvidual test is differentiated from

another based on the testing sample’s dry density and the change
in the testing variables. As stated in the introduction to this
chapter, the testing variables which were roughly analyzed are

the rate of penetration, cone size, and confining pressure. The

> boundary effect and the sensitivity of the device were indirectly
scrutinized within the sequence of each of these variable tests.
The boundary effects concern the location of a particular

penetration within the testing chamber. The sensitivity of the

- device concerns the precision to which the computer program in
J the data logger and the automated system as a whole can
f
! effectively distinguish data over varying condi{tions. W
H w l
Throughout the validation and variable testing program the 7%:
u...
physical properties of the test sand, the equipment used, and the C}
-~ lx h
procedures followed in samplie preparation and penetration testing DA
A2
‘ are nearly identical to that of Vesic’. The following sub- <
! S
v sections will present the particular equipment, materials, and Qﬁ\
s * J
it
procedural sequence parameters utilized In the conduct of this pf :
-
’
N
testing program. Varfances 1in any of these parameters to that
. e A
) used by Vesic’ will be noted. Following the discussion of these @E §
F\
\ parameters, the analysis of the results will be presented in m:
. l-\
Chapter S. e
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4.3.1 The Cone Penetrometer

The automated military cone penetrometer, as presented in
Chapter 3, {is the basic instrument used in the conduct of this
testing program. This basic system consists of all the
components of the automated data acquisition system, a .S {nch
diameter 30 degree cone (.2 square Inch base area), and a 3/8
inch steel shaft. The data acquisition system measures total
resistance (Base + Skin) and depth, storing average data every
.25 inches over a two foot depth. The geometric configuration of
the cone and rod {s nearly identical to that utilized by Vesic’
in the conduct of his tests.

The only substantial variance iIn the penetrometer of this
program to that of Vesic's occurs in the depth of penetration and
the automated data acquisition capabilities. The variance {n
the depth of penetration is based on the fact that the automated
military cone penetrometer is set-up to measure over a critical
depth of 24 inches, whereas Vesic’'s test data is estabiished to a
depth of 50 i{nches. This variance should have no affect upon the
results and conclusiongs which are to be presented in the analysis
section. An additional variance to Vesic’ tests involves the use
of the .5 square inch 30 degree cone {n the current efforts to

provide analyses on the effect of cone si{ize on soil resistance.
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. 4.3.2 The Sand's Physical Properties

The sand utilized in the conduct of this testing program was
taken from the Chattahoochee River and {s considered to be very
similar to that used by Vesic’'. The physical properties and the
grain-size distribution of this Chattahoochee River sand are
presented {n Table 4-2 and Figure 4-4, respectively. In
addition, the data pertaining to the physical properties of the
sand utilized by Vesic’ had been incorporated into Table 4.2 to

facllitate the comparison of properties.

From the data in both Table 4-2 and Figure 4-4 it is obvious

i f;
p that the sands from the two separate tests are very similar. The ~?‘
A
largest variance seems to be Iin the determination of the minimum o
void ratio and the maximum dry density. This variance did not ‘”2“
\'?\
seem to affect the results which will follow in the analysis St'
\-'.-'
section; therefore, the difference can possibly be attributed to f
llﬁ
the procedural technique utilized in determining these properties
y and the equipment available to the user. E:
b
oy
TABLE 4-2 PHYSICAL PROPERTIES OF THE CHATTAHOOCHEE RIVER SAND vy
----------------------------------------------------------------- €, .
H PROPERTIES { CURRENT TESTING PROGRAM ! VESIC' TESTING ! \iﬂi.
:888‘88.28'8888888883!!88Sl‘!.sll'.:.l!!.llll.l:8!88383========:: : \.’-
ISPECIFIC GRAVITY ! 2.66 ! 2.66 : 3’:’,5‘_.‘
e L EE L R L LR R PP ' X
!MAXIMUM VOID RATIO ! 1.13 ; 1.10 : L
Rl e LD R R LT TRy L L : .o
{MINIMUM VOID RATIO .71 ! .615 ; AN
~
HE R L R e D H ?\g
{MAXIMUM DRY DENSITY! 97.12 pct : 102.5 pct : ﬂb;
HEEE R R e LR b L e e e ] e m s c,r e e e e s s H \‘F‘-'
'MINIMUM DRY DENSITY! 78.11 pet ! 79.8 pct ; Npaa
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FIGURE 4-4 Grain-Size Distribution for Chattahoochee



4.3.3 The Testing Chamber

A circular drum with a diameter of 22.25 {nches and a height

- & W TR R B B StV Tl | e TR

of 34 {inches was used as the testing chamber in this exercise.
As stated previously, Vesic’' wutilized a box with the following

dimensions: 26 x 16 x 68 (inches. It is obvious from these

- e 2 =B

dimensi{ions that the testing chamber’s wutilized {n these two

testing programs are not {dentical; however, when compariscn of

the diameter ratio’s for the two testing programs {s made, the
variance in dimensions are not considered to adversely affect the
E capability of the researcher to compare testing data. In

addition, {t will be demonstrated that the facility utilized {n
b the present study is superior to that used by Vesic’'.

The diameter ratio is calculated by dividing the diameter
of a circular testing chamber by the diameter of the cone beinrg

used In a penetration. In the rectangular chamber used by

Oy

E R RARN
PP XA

[al el
N

J TR SN )

Vesic', a «critical diameter ratio is determined by dividing the

20

t
o

smallest horizontal dimension of the rectangular box Dby the

diameter of the cone being wused in a penetration. Such a

LS
SO
LR TAR
RIAAIGVIN

5
l'

calculation demonstrates that in actuality the diameter ratio is

"'
2o ®
EEMN

providing an Insight to the effect boundary conditions and

A eamy e
PR N
S

adjacent cone penetrations have upon a particutar cone
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penetration. The rigidity of the boundary, the smoothness of the

o
boundary, and the proximity of the boundary to the penetrating ‘n{y;
‘AR
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o
cone play a key role in the data one would expect to obtain. ;bfﬂ
This {s particularly true for granular soils {n the dense state H“ﬁﬁ
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X

where a larger diameter ratio is considered to provide a more

o

reali{stic view of real world boundary conditions.(Parkin and

7,
Cd

Z

»

Holden, 1988) For a more detai{led discussion on this topic of ﬁ f
diameter ratics and the effect of boundary conditions on L¢£
penetration testing, one is referred to Parkin and Holden (1982). 2
Assuming that both of the given containers are rigid and EE;.
tairly rough sided, the critical diameter ratios are as follows: Eg;
Vesic’'s testing program had a 32; the current testing program has R;*
44.5 for the .2 square inch cone and 27.89 for the .5 square inch “l
cone. Remember, the .2 square inch cone {s the basis by which b’r

data will be compared to Vesic’ and the .5 square inch cone is a

variable {n the current testing program.

4.3.4 Sample Preparation and Dry Density Determination

T
o
Specific support equipment is required for sample Eﬁk
preparation. Samples are formed wusing sand raining methods f%i'
established by Vesic’ and as described by Marcuson and E;Ei
Bieganousky (1976). The equipment consigts of a sand ;352
reservoir/dispenser and a raining device hopper with perforations :?::
in the bottom formed by a series of screens. This equipment is éi
pictured i{n Figures 4-5 and 4-6. The sand reservolir/dispenser 1is Et?
a circular drum of the same dimensions as the testing chamber and gg:
with modifications to allow the dispensing of sand from the L4

bottom of the reservolir. This modification consists of a welded

pipe assembly with a sliding valve which allows the flow of sand

R R e R R AR AR
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to be started and astopped through the attached three {nch

flexible hose. The hopper provides the support for the series of
screens located at the bottom of the metal portion of the hopper
and is approximately 22 inches in diameter thus allowing it to
fit inside the testing chamber. A rubberized guide sleeve is
attached to the hopper and extends 30 i{inches from the screens to
faci{litate the raining sequence in the formation of medium
density samples.

Loocse density sand samples are formed by raising the sand
reservoir above the testing chamber, opening ¢the flow control
valve, and raining the sand from an effective height of zero
through the flexible hose into the testing chamber. This methcd
produces repeatable loose density states of moderate uniformity.

Medium density preparation is accomplished by raising the
sand reservoir above the testing chamber, opening the valve to
allow the flow of sand through the ftlexible hose, and dropping
the sand into the hopper and through the screen system into the
testing chamber. Sample densities and uniformity are controlled
by the height of fall of the sand and the opening size within the
screen gsystem. Since the opening size {s constant, the height of
the screen system above the top of the sample must be maintained
throughout the raining process to establish consistent and
uniform medium dense samples. For the equipment specifically
noted in this program, the raining process exhibits a critical
height above which there is negligible increase In the density of

a sample. The maximum dry density achievable with this technique
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approximately 88 pcf and is attainable at a critical height of 24

a2 f

f inches. The height of the screens above the sample is maintained

: by attaching the hopper to the ram of the locading frame as shown

g in Figure 4.5 and lifting the hopper as sand is dropped through

E the screens. Once the metal portion of the hopper has cieared

: the top of the testing chamber, the rubberized extension on the
hopper acts as a guide for the raining sand.

As stated above, the equipment wutilized 1in the raining

process only achieves a maximum dry density in the medium dense

; state. Therefore, to form testing samples in the dense state

requires that modifications to this process be implemented.

Dense gsamples are formed by raining the sand into the testing

®

chamber from a height of 24 to 38 inches in 6 {nch lifts. Then e,
SO

each 11ft {s tamped with a 10 pound weight from a height of 8 TR

v _» 2’
¢
.s

[

inches for 10 repetitions. Initially, it was surmised that this

d

Koty
technique would possibly build In wunwanted horizontal stress ?3k
L
LY
etfects which would cause data comparison with that of Vesic' to {é}.

s
’
(oS

,

be unacceptable; however, as will be presented in the analysis

A
section, the results do not appear to be overly affected. 9_1
.:-‘ oy
Undoubtedly some over consolidation affects that are beyond the :\?f

[N

.
LA
® e P

scope of the present study.
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The key factor in ¢the similarity between this testing
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telele
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* AL

program's sample preparation and that of Vesic' occurs in the

determination of the sample’s dry density. This testing program N

utilized a set of scales as shown in Figure 4-7 to establish the ;

quantity of sand which had been placed in the testing chamber of e
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A known volume. This technique allows the determination of a ;3:'
I
D Y
,s particular sand sample’s average dry unit weight which is used in Ehj
2 AN
L)) ar "
comparing results to that of Vesic’. As stated in section 4.2, o
W o
. the use of scales to determine the weight of sand placed in a E?r
1N Y
» L] ‘i.
o known volume is the same process used by Vesic’. éﬁ,
> ol
L J
) X
, 4.3.5 The Testing Sequence and Procedures gﬁ
i .
\ o
= i
N The testing procedure for a given dry density of sand is —; .
S
conducted in three stages: (1) sample preparation and density ?f
N
;
W determination, (2) penetration of the sample with the automated :\t
-f‘,. 3
: cone penetrometer, and (3) downloading of the penetration data o
@
from the Tattletale data logger and analysis of the reduced data. Q}}
. e
: The following paragraphs will l1st and discuss ¢the steps :;R
.
.. *- ’ ¥
[ associated with each of these stages. e

1l

‘4
o

The first stage consists of forming a sample of known

o

_E density in the testing chamber. This 1is accomplished by &?
? following these steps: é{
™ | '. k
>§ (a) Attach the manufactured 'Cone Penetrometer Securing Frame"® g;"
g to the ram of the loading frame. The securing frame provides the :E;
; means by which the raining device hopper {s attached to the ram ;§L“
EE (see Figure 4-6) and by which the automated cone penetrometer is g;
:: secured during test penetration. Figure 4-8 provides a picture :f;
of the securing frame while Figure 4-8 shows the frame attached 1fﬂ
to the ram and securing the automated military cone penetrometer. 353
N
' :"4.

&
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N
(b) Center the testing chamber on the base of the loading frame. p}
A
o
(c) Determine the welight of the sand in the reservoir. g*&
4 4,
s*v
bt
(ad) Select the density (loose, medium, or dense) of sand desired [ ]
(SN
and prepare the sample In accordance with section 4.3.4. In :$~
3
general this entails that locose samples be rained from an oy
NN
effective height of zero directly from the flexible hose. The ”:‘
‘ <
medium and dense samples require that the raining device be \ \
st
attached to the ram of the loading frame and that the sand be ' e,
dropped into the hopper while maintaining a critical height of at A
L J
least 24 inches. Dense samples then require tamping with a 10 ?‘Q
\
pound weight in 6 inch lifts. The samples are constructed to a A
e
height of one inch below the top of the testing chamber. a0
®
P "w"
5
(e) Remove the raining device and carefully level the top of the %ﬂ:
¢ Oy
sample by hand to establish a smooth testing surface. It is & '
important that the testing chamber not be jarred or disturbed by ?!q
o t
ey
any action other than the penetrating cone throughout the &}a
et
remainder of these procedures. Sample disturbance will cause a ;:)
.¢.
change in the sample’s density and, thus, possibly affect the ',‘
final results. (
v‘.
SN
t) Determine the weight of the sand remaining in the reservoir K
Y
and subtract this quantity from the weight determined In step (¢? p%
~
to establish the weight and dry unit weight of the sample. QQ
ey
@
1
23
0
0
N
=
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(g’ Establish locations for cone penetrations as discussed in g.o
oy
section 4.3.3 for the particular cone and sand density. The key Ef‘
)
factor 1in this step {s to maximize the number of cone w
¥a
penetrations conducted in a given testing sample with minimum ;g.
o
AN

influence of test results measured by subsequent penetrations. o
s

Cone penetrations are separated from the testing chamber sides ‘&5
e

A

and other penetrations by a minimum of f{ve inches for the loose Y
vl
and medium density samples while a minimum separation of eight : :
W]
inches s specified for the dense samples. These separation g’ﬂ

2
O

values were establi{ished during the course of this study and found :
to provide rellable data {n comparison to the results as E&f
(4
established by Vesic'. }‘:

Once the sample 1Is formed and the penetration locations
established and marked, the penetration of the sampie with the

automated cone penetrometer i{s conducted in accordance with the

following steps:

’ by

(a) Attach the automated military cone penetrometer’s control 3
A
and loading boxes to the ram of the loading frame by sliding the jr*
o
handle into the guide wells of the securing frame as shown in A
s
Figure 4-9. e
fhihz

bty

**‘
(¥

(b) Attach the shaft, foot rest, washer, and cone to the lcading 4!
R

box as described In Chapter 3 and In the Operator’'s Manual. &§
N

~
Attach the potentiometer string to the foot rest. Align the ri

A AT A AT AN AT ST A A A AT A S AR
NS s I N N NN
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% components so that cone penetration 1Is made at the specified
x locations. Five pound weights are gently placed on each side of
'y
' the foot rest to secure this component and establish the datum
y for the potentiometer. Figure 4-1¢ shows the assembled cone
»J testing apparatus and support equipment ready for a tecst advance.
o
W (c) Follow the steps in the Operator’s Manual to set-up the
!
% automated military cone penetrometer for the process of gathering
[/
)
; penetration data.
(d) Establish the rate of penetration by setting the loading
: frame controls to a previously determined rate. This step
4
requires that the given loading frame be previously calibrated to
determine the necessary settings needed to establish the 4, 6,
N and 8 inches per minute rates used in this testing program. The

rate of 4 inches per minute iIs the same as that used by Vesic’

while the 6 and 8 inches per minute rates are additional

-
-’ -

variables established for this particular testing program.

o
-1.;»."
" (e) Conduct the cone penetration by placing the loading frame ::ﬁ
" o
. controls in the load position. During the penetration, automatic f{ﬁ
N
. K
. ! -" --

L4
L1

cone resistance and depth of penetration data are stored in the
Tattletale data logger. Figure 4-11 shows the loading frame,

prepared sample, and automated military cone penetrometer in

a0
"'-

Py
2L
2

place prior to the conduct of a test advance.

Once all of the locations in the prepared testing sample i&
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FIGURE 4-11
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have been penetrated, the collected data {s ready to be

X
-

.({5
R

downloaded from the Tattletale data logger. The steps in this

-

N

-

stage are presented in the Operator’s Manual and Chapter 3 and

will not be repeated in this section. However, the aspect of how

]
many tests can be gathered and retrieved from the data logger at ﬁg %
P
any given time needs further discussion at this paint. This :;fs
3% LA
testing program utilizes the LOTUS electronic spreadsheet progranm gio”
L J

to analyze the raw data retrieved from the data logger. The use "ﬁ@
of the LOTUS program requires that data files be imported into 3'::
spreadsheet format. The data files of the automated military ;Jﬁ
cone penetrometer are configured such that the maximum number of ;’
tests which can be imported i{nto a spreadsheet is limited to ?;é%
five. Therefore, testing sessions with greater than five ; .k
penetrations require that the single data file created 1in the ?”
(

downloading/retrieving of data stage be divided f{nto several
smaller files with a limiting size of five tests per file. This
step allows each of the newly created files to be successfully
imported to the LOTUS spreadsheet. To accomplish this additional

step, an editing file program (s required. This testing progranm

utilized an editing program called "Brief Editor" to accomplish
this data file dividing step once the data had been transferred

‘-

to a floppy disk.

ST

.’ Pl ..
. ?’1' ," '.'_" ‘;'f l. ®

BN 2 00

Once the spreadsheet files have been created, the test data

is ready to be analyzed. The spreadsheets established in the

&

£
{‘,

above testing stage provide the means by which plots of cone

2?
e,

[ “}"}"‘1
552;3???

resistance/{ndex versus depth of penetration data can be

f}f(f.
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constructed, by either using ¢the graphic's capability ot the
LOTUS program or of other graphics software which allow the data
from LOTUS spreadsheets to be imported (such as MICROSOFT CHART).
Utilizing the capabil{ties of the MICROSOFT CHART software, plots
of the cone {ndex versus depth of penetration are constructed to
provide the means by which the analysi{s of this testing program

is presented in the following chapter.
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CHAPTER S

- o
-

LABORATORY TESTING RESULTS AND ANALYSIS

y

: S.1 INTRODUCTION

p As presented in Chapter 4, the validation and variabl-

E testing program consists of various ({individual tests conducted

: within six different testing serlies. The differentiating factor

' between series are the testing sample densities while the tests

: within a given series are differentiated by the change in
variables. Each of the 1individual tests within a given test Ejt
series for the testing program s numbered (usi{ng sequential ;%;
numbering for a given date) and summarized in Table 5-1. Each of i;g

; the series of tests {in the table are separated by a double line %é;

L

) which indicates that a new testing sample was constructed with a e

- different density. The table lists the series of test in the
order of loose, medium, and dense states, respectively. Changes

y in the variables of cone si{ize, rate of penetration, and

: concentrated surface loads (total pounds applied to each side of

»; the foot rest) are specifically presented for each individual

,

test. In addition, the remarks column indicates the location of
penetration and {n some cases states that the data for a

particular test was lost. The reason for the lost data in tests

5-19 and 5-21 is based on the fact that the data was not properly

set-up and transferred to the LOTUS computer program by the N
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TABLE 5-1  SUMMARY OF VALIDATION TESTS il
Lo
LOOSE STATE b
! TEST # ! DENSITY,pcf | CONE SIZE,IN { RATE ICONFINEMENT ! REMARKS ; x.\
e b ——————— ——————— +- +— B T —— : RN
I 1-19 ] 82.7 : .2 14in/min! S POUNDS ! CENTER ! .;,---;::
. e —————— o ———————————— o e ————— b ————— : :,:;_\
P 2-19 " : " téin/min " {FRONT CENTER ! VIRIA
[ b ————— m————— t—————— e —————— o : oy
| 3-19 : " ! " 1B8in/min! " {BACK. CENTER | Py
| ———————— e ————————— e e e e e e e e + e ————————— e ————————— H A
! 4-19 ! " ! " i4in/min! " !RIGHT CENTER ! W)
e tm—m— e - m—————— e P ' A
! 5-19 : " ! " 1 " ! 65 POUNDS | DATA LOST ! %:
:'ggssgaga-:--------.-----------.---'.--BB.----‘------'---EIS=.I=¢=-s.::-== : \P\‘* !
i 11-29 80.8 ! .2 ! " ! S POUNDS !RIGHT CENTER ! T
|——————— t—————— + ————— ———t e - ! ®
b12-29 4 " = .S b " ! LEFT CENTER ! byt
| ———————— r————————————— + —————————— e —————— D ! !
!o13-2 ] " ! " | ———— ! 65 POUNDS ! BACK CENTER N
et tm———————— —— + ———e—— e ——— e ———— H o u.‘
! 14-29 " ! .2 ] " ] " IFRONT CENTER ! RN
N —————————————— —— + +- ————— ! MY
! 15-29 " ] “ } " ! 110 POUNDS ! LEFT-BACK ' V,‘,
R —— g ————— - —— . S : \.&_&-'-
P 16-2 : " ! .S | ———— ] " IRIGHT-FRONT ! Qe
P T S I T T N R S S N I T S T R E S S R R N R I T R R T T T S T E S T T E S S S S S E S E S s -"‘. ‘ﬁ
il
i+ -+ +  t 3+ 31 31 + 3 1ttt 2 F 3ttt t ittt ittt i1+ttt ittt -ttt -+ i+ &ttt &l‘\ “1
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TABLE S5-1 SUMMARY OF VALIDATION TESTS CONTINUED

DENSE STATE

i TEST # ! DENSITY,pcf ! CONE SIZE,IN | RATE ICONFINEMENT ! REMARKS ;

P 1-29 H 96.4 { 2 l4in/mint! 39 POUNDS (RIGHT CENTER ‘::

! —— + + + ——————————————
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! - + + + - e ——————
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! 4-29 H " ! " ) " H " t+ FRONT CENTER

R ——— + + + - ——— e ——————————

'\ 5-29 H " { " | ————— t 110 POUNDS ! CENTER .
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! - + + + + ———— e ———————— N
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| m—————— += + - ———— + e ————— :_-:v
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88 A
researcher; it {s not related to a fault of the automated system ®
as presented in Chapter 3 or the "Operator's Manual®, but A
demonstrates that attention to test detail is important. N
In presenting the results for analysis, two basic types of L
data plots are used. First, the data for a given series is T
presented in a semi-log plot of cone {ndex versus depth which n
provides comparison capability to the data presented by Vesic' in
Figure 4-3. Secondly, the data Is presented in an arithmetic 4
plot of cone {index versus depth which provides detailed b? ]

comparison between individual tests wutilizing the changing

v“ .

o
244

variables. Plots of any results not presented {n this chapter

n

'L
e

LA

are located {n Appendix B for further reference. The following

P4

e g

sections will discuss the resuits obtained during this testing

L]
§

' "2
Y

.
l{‘

: program. Initfally, the results from all of the different

‘l
’

5 4
'—.'-{':’\
l‘ l- '. L

L R

density samples will be compared to Vesic's data. The analysis

"

55
s
hY
L)

E‘fl‘
' Ny

will then concentrate on each of the test variables: rate ot
penetration, cone size, and concentrated surface load effects, by &ngf
presenting and discussing the results as they relate to the :*Hﬂ)
, changes in these variables and to published studies which deal WA
with these variables. The concluding section will roughly i
compare the results obtained in this testing program to the soil

resistance values obtained wusing the WES Analytical Model

developed by Baladi and Rohani{ (1981).
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§.2 COMPARISON TO VESIC'S DATA

The data from this testing program is In excellent agreement
with the results established by Vesic' in Figure 4-3. Figures 5-
1, 5-2, and 5-3 for locose; Figures 5-4 and 5-5 for medium; and
Figures 5-6 and 5-7 for dense samples present the results of the
data obtained In the validation testing program. The
corresponding data from Vesic’s work for a given dry density is
superimposed on these plots to establish the means by which
comparison analyses of the data 1Is accomplished. From these
plots it is concluded that the automated military cone
penetrometer provides penetration data which is almost identical
to that established by Vesic’ for a given dry density of
Chattahoochee R{ver sand. In addition, it is concluded that the
data acquisition system explained in Chapter 3 works properly and
can thus be utilized to perform additional analyses based on the

accredited work performed by Vesic' and others.

5.2.1 Smoothness of Fit

In general, these figures demonstrate that cone resistance
increases with depth and that the magnitude of ({ncrease is
greater in the Iinitial part of a sounding while tending to level
off at a «critical depth. This representation {is {n full
agreement with that of Vesic’. However, there does appear to be

a fine point discrepancy Iin the test data from these two tests.
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97 Ll
This point deals with the smoothness of the curves established by
Vesic’. ‘:';."
In Figure 4-3, Vesic' has depicted the relationship that the AT
curves for cone resistance/index versus depth for all dry L
densities of the Chattahoochee River sand are very smooth. The ﬂ}ﬁ'
validation testing program did not find ¢this to be the case {n TR
all of the tests conducted. The results from the validation L
testing program demonstrate that at the higher dry densities the oo

curves are expected to be relatively smooth; however, at the %y

ERVY T X TGS TG-S N TTY VYV N VAN Y N N YT RS T
Xy

lower densi{ities this would not be the expected case (Reference

Figures S-6 and 5-1, respectively). The reasons for the

e

inconsistency in data between Vesic’s test data and the data from
this testing program stems from four possible areas: (1) non-
uniform testing samples, (2) sensiti{ivity of the measuring device,

(3) the distortion of results by plotting on a semi-log curve,

L B g g g X

and (4) development of the best fit curve. Most likely the
ultimate reason (s related to a combination of all four factors

as presented {n the subsequent sections.

$.2.2 Non-uniform Density Samples

W T N

Changes of density states within a testing sample would be
expected to exhiblit correspanding changes In the cone {ndex
value. The plots for this validation testing program do
demonstrate that the preparation of non-uniform dry density

testing samples could possibly have caused the erratic
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p e, d'..:. .r.‘vr..: N -r-\f._v;. AR ST :: -~ NS : - J,:_.-. N ,\_.:_,.:-_.'*,,:,,-';.-:.."v%::.r - .r\.-\i\. RN
» P T S P, T ¢ ¥




g8

penetration traces. Work by Marcuson and Bieganousky (1976)
demonstrates that 1t {s difficult to achieve perfectly uniform
density throughout a testing sample while utilizing the sample
preparation techniques of this validation program and that used
by Vesic’. Based on this observation, the sensitivity of the

device measuring the cone index must be considered.

§.2.3 Sensitivity of the Device

> wow o
v

The degree of non-uniformity in the data that will appear in

.l

l-}
e

the penetration traces is directly dependent upon the sensitivity

2

- .'.‘,

i3
4

of the measuring device. This point is especially true ({(n the

o

<
prs

more loose density states which entail that the sensitivity ot

o 00 g% IV 2 oF ot il
Rty

the measuring device be great enough to establish the slightest
shift in resistance. The automated military cone penetrometer’s

2090 pound locad cell exhibits a sensitivity of approximately

2.213%. Specifically, this sensitivity means that the cone i{ndex 55
value which is stored in the data logger will change only when g&
there {s a total change in resistance measured of @.426 pounds. &\
This corresponds to a sensitivity of cone index of 2.13 psi for g%
the .2 square inch cone and @.852 psi for the .5 square inch gN
cone. The sensitivity of the automated military cone E&

®

penetrometer could be increased by wusing a smaller load cell

which would enable more precise data to be gathered in the lower
density states of the test sand. Thus, the sensitivity of the

device establishes the reason for the straight l{ines and jumps In

A
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resistance data for the loose samples. v.'
Y o)
1 )
vy
o]
$S.2.4 Plotting Technigue o
je QR
. .
N .::"--"'"
‘ Another reason for the apparent inconsistency in smoothness n}ﬁ
T
of the data deals with the fact that these plots are presented on D
) by
a semi-log scale. Such a plotting technique could tend to °
T
distort the magnitude of the actual results. The scale of this : £y
§ ) L
' plot is such that variance in penetration resistance data with i; q
'
xP
depth at the lower densities appears to be greater than the data '1;‘
:*". hol
at the higher densities when in actuality the opposite is true. 3 .
; "W
; Because of this fact, a slight 1inconsistency in the density ot N‘
U
g .
N the testing sampie and therefore the cone index value at the fk‘-
lower dry densities will be magnified by this plotting technique RN
--'_n“'):
; while a similar change would be practically unnoticeable in the ?a:a
n"- >
L) - N
higher densities. vt
@
; W

5.2.5 Best Fit Curve

Finally, the validation testing program data plots
demonstrate that the penetration traces are erratic with the
degree of variance decreasing with increasing dry density. From
the |iterature review, this erratic behavior in the penetration
traces of dry sands is to be expected <(Parkin and Lunne, 1982).
The scale of plotting these values could have some effect con the

magnitude of erratic behavior in soi{l resistance. However, the
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data presented by Vesic' does not exhibit any erratic behavior.
Thus, it {s speculated that the data {n Figure 4-3 possibly
exhibits an average value for the cone resistance values over a
given depth depicted with the best fit semi-log plot for the
respective dry densities of Chattahoochee River sand.

However, the inconsistency {n smoothness c¢f the plots for
the present program is considered to be negligible {n comparison
to Vesic’s data; therefore, the automated military cone
penetrometer exhibits the ability ¢to provide reliable and
repeatable results iIin cone index determinations. Therefore, the
plots from this validation testing program have qualitatively
confirmed that the relationship between cone resistance and
relative density of a dry sand does exist as established by
Vesic' and reconfirmed by other works as discussed {n section 4.2

of the previous chapter.

5.3 RATE OF PENETRATION EFFECTS

TM 5-330 states that the rate of penetration, either between
operators or among penetrations {n a specific soll type, should
have no appreciable effect upon the measure of socil resistance or
cone {index. The manual ajso states that the preferred rate of
penetration for the conventional penetrometer should be such that
the operator is able to manually read four cone index values over
a depth of 18 inches within 15 seconds {n a soft soll. In

addition, as stated in Chapter 2, the operator can stop pushing
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the cone ((n conventional penetration testing to facilitate the
recording of cone index values. Based on literature review of
works conducted by Kamp (1982), Poskitt (1982), Turnage (19792),
and Kok (1974), the rate of penetration has been shown to effect
the results of penetration testing in soils. Therefore, a study
of the effects this variable may have upon cone index measured by
the automated mili{tary cone penetrometer was undertaken.

The works by Kamp and Kok dealt primarily with sandy soils
while the testing conducted by Turnage and Poskitt dealt
primarily with fine grained soils. All! of the works, except that
by Turnage, used a penetrometer by which the values of both cone
and sleeve resistances could be obtained during a given sounding.
In general, the conclusions of all these works show that the
relationship between the rate of penetration and the resistance
of the soil is nonlinear and the magnitude of the effect, if any,
is dependent upon a number of parameters.

Specifically, these studies agree that the varfous physical
and engineering properties of a particular soil and the magni{tude
ot change ({n the rates of penetration seem to be the key
parameters which determine the magnitude of effect that rate of
penetration has upon cone i{ndex. These physical and engineering
properties include the grain-size distribution, the percent of
clay si{ize particles, the degree of saturation, the possibility of
drainage within the strata, and the viscosity of the soil (Kamp,
1982; Kok, 1974; Turnage, 1970). In general, all of these

properties play a key role in the formulation of the expected
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et angle of internal friction which {n essence establishes the

’
-
2

% %
[

“~ shearing resistance of the soil matrix and thus the expected

o
NS

,:3 magnitude of the measured cone resistance (Villet and Mitchell,

o«

5
Ll
oy %

1981). Kamp's work stipulates that ¢the one key factor in

Ny,
NCYS

o determining the effect of the rate of penetration on resistance

1‘-'
3
'l l.

values {n clean sands {s the "extent to which pore water pressure

changes may develop around the cone". (Kamp, 1982) This same

1@ "y

r2
<

basic conclusion was presented by Campane!la and Robertson (1982) Y
) *x
E~ in their research at the University of British Columbia on EEF
0 conventional Cone Penetration Testing (CPT). s‘
k; The tests conducted in the variable testing program were all E}A
;5: performed on the same sand in a dry condition; therefore, the g;
i) gradation properties are identical! and the generation of pore ;f
‘:E pressure {s not possible. Using a maximum range of 4 inches per ;:
?a minute to 8 inches per minute (factor of 2) within a given test E{i
@ﬁ series, the rate of penetration i{s roughly analyzed in each of %Q
ﬂj the density states. The 4 inches per minute rate of penetration %:
:~§ was used to simulate the tests by Vesic’ who used this same rate a;
2 to establish the data depicted {n Figure 4-3. 'F,-,
sﬁ All of the data obtained during this phase of the testing 3;‘
;é program qualitatively demonstrates that the rate of penetration EJ
;:? does not appear to have any noticeable effect on the cone i;:
:ﬁ resistance values in a dry Chattahoochee River sand. Figures S5-8 ;&
E& for loose, 5S-9 for medium, and 65-18 for dense samples are EE
52 representati{ve of the data collected {n this phase of the ;:
ul program. The remaining data plots for this phase of testing are L
h x
b ..
¥
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located in Appendix B for further reference. Specifically, this
data provides the basis by which the conclusion {s drawn that
small variations in speed have no significant effect on the cone
index for dry sands. This may not necessarily be the case,
however, {f the magnitude of change in the rate of penetration is
possibly increased to a factor of 10 as used by Kamp. However,
such a high factor would not be in compliance with the ASTM
- standard variance of * 25%. In addition, the lack of saturation
’ in the testing sample may possibly have been another reason for
, the observation of no noticeable effects. This conclusion {s
] based on the observations of other works as previously stated. A
testing program with a chamber capable of controlling the

saturation of the testing sample {s required to enable a more

effective analysis of this topic.
S.4 EFFECT OF CONE SIZE

The effect of the overall cone shape on the value of cone
K resistance observed has been studied by Kok (1974) and Villet and
. Mitchell (1981). DeRuiter (1982) reviewed these works and
‘ concludes that the overwhelming factor of the cone shape's effect
on the value of cone resistance concerns the ratio of the cone
/ diameter over the diameter of the shaft (Dc/dg). The standard
ratio is presented as Dc/dy, = 1. DeRuiter concludes in his work
that in general a ratio of De/dg > 1 will cause the cone

resistance value to be lower than expected because of the annular
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space created directly behind the penetrating cone. Vi'let and
Mitchell's (1981) results establish the opposite to be true.

The present testing program utilizes the standard 3/8 inech
diameter stee! shaft with both the .5 inch and the .729 inch
diameter cones to examine the effect of cone size on soil
res{stance. The .S 1inch diameter cone establishes a ratio of
Dc/d. approximately equal to i, for all practical purposes, while
the .799 inch d ameter cone exhibits a ratio of De/dg > L.

The test data demonstrates in the very loose, dry
Chattahoochee River Sand samples (Dr = 17%) that tests with cone
to shatt diameter ratios (Dc/d') of unity exhibited consistently
less cone resistance than tests with ratios greater than one.
Figures 5-11, 65-12, and 65-13 depict this fact. The reason for
this is explained by analyzing and understanding the applicable
terms in the general bearing capacity equation. For all
practical purposes, this equation for cone penetration tests

conducted {n dry sands is reduced to:

Ys

Cone Index = ---- N, bf’\

S,

Based on this equation, {t is obvious that for a test sample at a S
]
given dry density the only term which changes s "B" (ef{ther .5 ;4?3
Wt

AT

or .799 (inches). Thus, as the size of the cone increases the v

value of cone index should also increase. This conclusions seems
to be Iin agreement with the results presented by Villet and
Mitchell.

The test data in the very dense dry Chattahocochee River Sand
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samples (Dr = 95%) does not demonstrate the same findings as

..‘.__
J:."'f,.{ A
N

&

established with the very loose samples. In these samples, the
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test data collected with cone to shatt diameter ratios (DC/d')

greater than one exhibited consistently less cone resistance than
test data collected with ratios of unity. Therefore, the larger
cone did not establish the larger value of cone i{index. Figure
S-14 depicts the basis for this conclusion. [t {s proposed that
this conclusion (s directly related tc the fact that very dense
sands demonstrate a tendency ¢to dilate during shear; therefore,
tests conducted with the penetrating .799 inch diameter cone (a
diameter rati{io greater than one) provide an open space which

allows this volume change to more readi{ly occur. However, the .S

o

kY

5
27
A

{inch diameter cone establishes a diameter rati{o approximately

}f

equal to one which means that the dense sand is more confined 1::,
"_\.:'-"
during penetration and {s not provided with an open space to H?:_
~
allow substantial dilation. Thus, the tests conducted with a RN
RSN
o
diameter ratio approximately equal to one resulted in higher cone ®
F‘ni h*
N
resistance values than those tests conducted with a diameter ﬁﬁ{
NN
ratio greater than one. ﬁaﬁ
Paie
The observations In the medium density state do not provide ”;f
-,
as clear a conclusion on the effects of cone size as did the data ::Qr
ROy
A
in both the loose and the dense states. Figure 5-15 shows that ;::
the ratio of Dc/d4 > 1 exhibits data which {s less than that of A
®
the ratios of unity. F{gure ©5-16 shows that the data for the x';é
..-‘.-l'
N
ratios of unity are less. This variance {in data s possibly ,:,:ﬁ
forma
attributed to the non-uniformity {in the density of the sample; }{}%
l~ l“
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therefore, this data 1{s not considered adequate {n developing

conclusions on the effects of cone size on soil resistance.

In conclusion, the data observed in this testing phase on

the effects of cone size on soil

resistance provides the basis

for two specific conclusions. First, in very dense dry

Chattahoochee River sand samples (Dr = 95%), the data for cone to

shatt diameter ratios (De/dg ) greater than one exhibit

consistently less cone resistance than the data for Dc/dg ratios

of unity. Second, the opposite 1Is concluded for very loaose

samples (Dr = 17%). This phase of the testing program

demonstrates that the automated military cone penetrometer is

sensitive enough to measure subtle variations {in soil resistance

to establish the above analyses and conclusions. Therefore, this

device should be considered for further research in this area of

concern.

5.5 EFFECT OF CONCENTRATED SURFACE LOADS

The purpose of this phase of the testing program ig to study

the effects, 1if any, that the weight of the cone penetrometer’s

opsrator has upon the measured soil resistance. The solils of

most interest ¢to military trafficabiliity studies are those which

exhibit weak or soft conditions within the upper 24 inches of the

soi! mass. Therefore, this shallow depth of interest coupled

with the fact that the operator {s required to stand In close

proximity of the penetrating cone to conduct the penetration test
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establishes the basis for analyzing the {(nfluence of the
operator’'s weight on the measured cone index.

The concept of the analysis in this phase of the testing
program takes {nto account Boussinesq's (1883) solution to the
problem of {ncreases in vertical stresses with depth due to a
point locad at the surface of a homogeneous, elastic, and

isotropic medium. From Boussinesq's solution, {t is anticipated

that the change {n vertical pressure below the ground surface ?§£g
will increase to a critical depth and then tend to decrease unti| S?E:
the effect (s relatively negligible. According to work conducted ;Eﬁ:‘
by Villet and Mitchell (1981) in a testing chamber providing .K\TV
uniform stress control, increases i{n vertical stresses are ﬁgﬁ
associated with increases in cone tip resistance. It is noted Eé%i
that an (ncrease In vertical stress also increase the lateral ;&::
stress in the soil samples. i:;}
The effects of increasing concentrated surface loads on cone :;ZS'
resistance in this testing program are analyzed in the very loose %252'
and dense test samples. The following three concentrated loads ffﬁi‘
are utilized {in this analysis: 5, 6S, and 110 pounds. As i;if
Y
previously stated, these lcads are applied on each side of the g%S}
LA V!

cone at the same location that the operator would place his feet

on the foot rest in the conduct of a sounding. Five and ten
pound circular lead weights approximately six and eight inches in
diameter, respectively, are used to establish the S and 65 pound
loads. The 113 pound point load requirement {s accomplished by

having the researcher conduct the sounding for various tests.



I

O 7 O o O o N O T Y o T T Y T O W U U NG W Tu W oM o o VWL UATIIWE VWL ALY 8 T8 R PR T R AR T T o
o o
On

o,

L dUAASIA
AN
z,
hY

SO
VY.
»

LS rd

-

A2 1oL
'}l

117

LY
T

o
2N

g3

As expected, the data observed in the loose state exhibits

an {ncrease {n cone resi{stance value with increasing concentrated

surface load. Figures S5S-17 and 5-18 present the resuits of this
analysis for the .2 and .5 square inch cones, respectively. The

{ncreasing surface loads provided incremental {i{ncreasing

G

confinement due to appiication at the surface and the increase in
lateral stress within the sample. Tests were conducted with both
the .2 and .S square inch <cones in this loose state and both
exhibit consistently similar results.

For the tests conducted 1in the dense state, only the S and
118 pound point loads with the .2 square inch cone are
considered. Figure 5-19 for the test sample at a dry density of
95.9 pef provides data which establishes an observation that
increasing vertical stress causes increasing cone resistance over
the full critical depth of 24 1inches. This observat{on is in

total agreement with the Ilocose density results stated above.

LT s
:" 4".‘1' 1’.:.'{.. ':
}ffft'.t‘l’l
LS NN

However, this (s not the observation drawn from ¢the data {n

Figures 5-20 and 5-21 for the test sample at a dry density of

NN
I\{

/1"‘.
[ ]

96.4 pcf. The data in these figures exhibit the observation that

ST
\,:"r -~
oA

the {ncrease in vertical stress tends to increase the value of

Q?f;ﬁf
v
52‘!5\"

cone resistance to an approximate depth of 14 to (6 i{nches and

then tends to be less than the data observed for the smaller

%05

vertical stress. This observation could possibly be the effect

/
‘
{l

-
ey
.

of non-uniform densfty within the testing chamber or possibly due

a
£

,
“

to boundary effects. The possibillity of the boundary effects |s J\r

N~
|
based on the findings presented in Chapter 4, and the fact that J“ﬁ‘
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the 118 pound point load penetration was conducted {n the center
of the testing chamber while the 5 pound point load penetrations
were conducted closer to the edge of the chamber. Therefore, the
penetrations with the 5 pound point loads possibly exhibit higher
values of cone resistance due to the i{nfluence of the testing
chamber’s boundary causing the cone to feel additional lateral

stress.
5.6 COMPARISON TO WES ANALYTICAL MODEL

An in-depth study analyzing ¢the application of the WES
analytical model and subsequent equations developed by Baladi and
Rohani (1981) was not within the original scope of this {nitial
testing phase for the automated military cone penetrometer.
However, because of the broad data base of engineering properties
published from previous research conducted on Chattahoochee River
Sand, a comparison of the cone index values measured during the
conduct of this test to those established with the model was
attempted.

The equations developed by Baladi and Rohani (1981) using
the WES analytical model propose that the cone index with depth

of a granular soil! (cohesion = @) can be predicted as follows:

2 tan a(l + sin ¢)G" [3(tan a + tan<11] Q
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where =

Q= [y(z+L)tang]> ™[y (Z+L)tan¢+(2-m) yLtans](yZtang) 2™ ::g. ;
(2-m)(3 - o) =

Y
v
x

v

., I
LT
&L A

diameter of cone o
length of cone .
apex angle of cone
surface to tip of cone
4 sin@/3(1+sind)

N
WouonoHow
=
’, K.
) '?I.“r". o ,‘:
T L A S, N *

TN

and = 1 - Bexp(-82) )
G=0.
S[A 1 Bexp(-sz)]c

apparent shear modulus N
@.986 (for conventional WES cone) '.
180 (for conventional WES cone) RS
9.55 (ln)" (for conventional WES cone)
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From the above equations it is apparent that the cone index is

hY

directly related to the strength properties of the soil In 'xﬁ
question. The development of such a relationship is encouraging ?hﬁ:n
P from the aspects of trafficability studies as well as other )
geotechnical engineering applications . '%'m
Specific properties of the Chattahoochee River sand were -“:;‘

established using research conducted by Boutwell (1965) and
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Vesic' (1963). Specifically, these propertlies were used {n the
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above analytical equations to predict the cone index values for
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densities and strength properties used are as follows:

Density (pct) Shear Modulus (psi) Friction Angle,degrees
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s

h P ¥ Yl ‘l.‘ »
ﬁﬁ;;ﬁ((*
usssi¥¥¥
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A Poisson’'s ratio equal to ©2.35 was used in the calculations.
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As depicted {in Filgures 3>-22 and 5-23, the predicted cone
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conduct of the laboratory testing program. Note that the scale
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sensitivity of the automated military cone penetrometer allows

effective data to be established {in each. Therefore, the
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tool to conduct further research on this topic using a variety of
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soil types.
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FI1ELD TESTING PROGRAM

P
o s

:Sf\(\(\( v o )

6.1 INTRODUCTION

Based on the analyses of the results presented in Chapter S,
the proposed automated military cone penetrometer system has been

validated as a rellable tool to ©be utilized {n measuring soil

L et e

resistance {n homogeneous samples. The fact that this proposed
. system has proficiently demonstrated i{ts ability to provide :
: reliable and repeatable results now allows the system to be Eé:
f analyzed on its ability to provide soil resistance data within a E;$
. variable soil mass. Furthermore, the uitimate requirement of the 3£;
; cone penetrometer is to perform effectively and efficiently in a agg
tfield environment where soll variability {is commonplace. E;i
U ]
i Specifically, variable, non-homogenecus sofl conditions provide C:;
;E the foundation upon which nearly all off-road military mobility EF
é operations are conducted; therefore, trafficabi{lity studies, E&
which require the use of the military cone penetrometer, must be ~.
; o
- able to accurately identify mobility cone {ndex values {in such EﬁE
conditions. This chapter wil] present the concept,design, and :?_:':E
1"- )

analyses of results of a small scale fileld testing program

e

established to analyze the ability of the automated military cone '53
penetrometer to provide reliable soil resistance data within a

realistic, non-homogeneous soil mass.
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6.2 CONCEPT OF THE FIELD TESTING PROGRAM

AL
@

[
L4

The broad objective In ¢this field testing program is to

’,
\’&
A

Qualitatively and quantitatively analyze ¢the ability of the

S
!-\

N
® 2

proposed system to effectively and efficiently collect reliable

data within a non-homogeneous soil mass. The specific scope of

¥ X %
Ly
{“'n'Y

(y
.

¥

"
[ 4

the program i{s broken into two facets:

X

(1) To evaluate the capabilities of the proposed Ry
system In identifying the variability of soil
resistance with depth {n a realistic layered soil

system.

’
)

55
s

[
55 5{'|

(2) To evaluate the proposed system’s ability to

e
o

5
(X

1

effectively measure the in-si{tu and remolding cone

T
/7
“ N

4

index values of a soil.

[N
-'"

ldeally, a laboratory testing p.sogram utilizing non-uniform

Lo
X
v ." .‘ “'4"'1"

s0il conditions {n a calibration chamber would have provided the

L (‘.r_‘
o
a5

[

optimal means of accomplishing this scope. However, the lack of
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an adequate testing chamber and insufficient time and funds for

2y G %
1
> Bt}

its development precluded this approach to testing. As an
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alternate, a smal]l scale field testing program was designed and

Iy

S
g

| implemented utilizing a soil which provided reasonable control
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and thus allow at least a qualitative assessment of the automated

v '.I
7

o
n’ a AT

m{litary cone penetrometer operating in a variable soil! -

‘l"'; ‘g

¢

environment.
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The cornerstone in the concept of this testing program deals -~

*

v
v|

.'.-
P

with the need to establish field conditions which simulate, as

closely as possible, conditions that the automated system would
possibly encounter in actual military trafficability
applications. Based on conversations with the personnel in the
, Mobility Systems Division of the Waterways Experiment Station and
on personal military experience, the hard over soft soil
condition {s one of the most important and difficult to
quantitatively identity in military trafficabi{lity studies.

Insufficient information for such conditions; i.e. depth of the

\ hard layer, strength of the hard layer, strength of the 3XE
. NN,
; underlying soft layer, and the extent of a soil's change i{n ﬁ?ﬁ;
s S e
I'd t'._
strength characteristics under loading conditions; may foster a Q?\
L2
false sense of security from a mobility aspect. Therefore, the \\:,
. RCA 4
s
concept of this program centers around the need to establish such ’v;a
RAA
a variable soi! condition and to evaluate the automated mi{litary :2&
YA
cone penetrometer’s ability to effectively identify the hard over .!
soft soll condition as well as changes i{n scil resistance which :f;
occur within a variable soil mass over time. :fﬁ
NN
@
?:f:
6.3 THE TESTING SOIL AND SAMPLE PREPARATION .?fx
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effectively and efficiently {dentify the strength properties of
those underlying soft sofl layers. As previously noted, those
solls which tend to mask their actual strength by forming a hard,
stiff layer over an extremely soft layer of soil are especially
important for military maneuver ocperations. in addition, it may
be necessary to identify the extent of strength change with depth
which these solls demonstrate due to dally weather condi{tions,
particularly after periods of heavy rainfall.

A number of site/scil]l conditions were considered in order to
complete the fileld study. These {ncluded backwater deposits
along the Chattahoochee River, reclai{med spoil stockpiles from
kaolin mining, and a laboratory prepared deposit in a large test
pit in the geotechnical testing laboratory at Georgia Tech. The
time and expense of these efforts precluded thei{r serious
consideration after this {nitial development phase. Fortunately,
conditions at a nearby quarry offered a viable alternative.
During the crushing, screening, and washing of stone aggregate at
the granite quarry, large volumes of fine sand to silt si:ced,
water laden pond screening material are wasted and stockpiled. A
typical wasting pit was selected for the creation of a realistic
soil test sample.

Based on the summary of works presented by Hall,1985; the
experience of Dr. Robert C. Bachus, Asst. Professor at Georgia
Tech; and from personal observation; the composition of a pond

screening soil deposit s such that |t tends to exhibit an

increase in strength as it dries and provides a desiccated crust
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of varying thickness with time. Improvement of properties can
vary from a few hours to a few weeks. In addi{tion, the soil

exhibits a strong tendency to weaken when subjected to repeated
loading conditions. Thus, pond screening seemed an {deal
materlal tor the cone penetrometer study. The actual pond
screening material used in this testing program were from the
Vulcan granite quarry |In Kennesaw, Georgla; these deposits
exhibit a high moisture content and fineness. The gradation
characteristics of pond screening at Vulcan resemble fine sand as
shown in Figure 6-1.

The samples created from these pond screenings were prepared
at the quarry site {n Kennesaw in a test pit approximately efght
feet wide, 15 feet long, and three feet deep. Under the
supervision ot Vulcan personnel, the pit was constructed within a
previously deposited and dried pond screening deposit by a
bulldozer; the water laden test pond screenings were then placed
in the pit by a dump truck. During placement, the pond

screenings flow with ease from the dump truck as the particles

are in nearly total liquid suspension. Therefore, in its
{initially prepared state, the properly constructed sample is
unable to fully support the weight of a common person. As time

passes, the water In the soil slowly permeates out of the sample,

and the soil’'s strength tends to increase within the pit.
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6.4 TESTING SEQUENCE AND RATIONALE

- e =

Inftiaily, one test sample pit was constructed for the
collection of the cone penetration data needed to accomplish the
goals within the concept of the field testing program. Testing
t within the pit was to be scheduled to allow measurement of the

strength increase with depth over time. Additionally, remolded
g samples of the soil! were prepared and tested during each
scheduled visit to the quarry. Between the fifth and sixth week

of the testing prcocgranm, the heavy equipment operators at the

f quarry accidentally destrcyed the {nitial testing pit. A second -,J,
i test pit and sample were constructed in the exact location of the ég

' inftial pit to provide additional data for analyses. SEF

A series of cone penetrations using the .5 sq.in. right S;E,

circular cone were conducted in each of the two testing plits. A &f;

gilven test series consists of several cone penetrations which ?i;

. were conducted within the testing pit on a given date, thus igé

establishing the time period which had elapsed since the date the ?%}

i RGN

: testing pit was first constructed. Subsequent reduction and &:3

1 comparison of all test series data allows evaluation of the }35

d proposed system capabilities. Specifically, qualitative data Esé\

. reduction addressed the following two {nstrument related i{ssues: é&?

Ll

p, 2:"

, -'.\

, (1) The ability of the device to measure (a) the ég%

? variability in soil resistance, (b) the expected ﬁﬂ”

; {ncrease in soil resistance over time, and (¢) the
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effects and sensitivity of soil and penetrometer to

remolding.

(2) The abflity of the device to eftectively identity
the extent and stiffness of the desf{ccated hard layer

overlying the soft layer of soll.

Four serifes of test penetrations over a 4 week time period were
conducted in the first test pit while two series over a 3.5 week
time period were conducted in the second test pit.

Within each series on a given date, the automated military
cone penetrometer was utilized ¢to provide data for both the in-
situ and remolded resistances of the soil. For reference within
this study, the In-situ resistance of the soill is the resistance
measured before the soil {s subjected to any outside loading
condition. The remolded resistance of the soil corresponds to
the soil’'s resistance to the penetrating cone following a loading
sequence by which the test location s subjected to 19
repetitions of dropping a 18 pound weight from a height of
approximately 24 inches. In a prototype tleld loading condition,
the subject site would be subjected to a repeated application of
locad due to mobilization of vehicles/troops across the site.
Therefore, the response of the soil to application of a single
load (cone penetratfon) may not be sufficlient to evaluate the

material’s performance to repeated Iloading. The researcher

proposes that these repeated drops of a weight simulate, to some
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degree, the effect that repeated vehicle loadings would have upon

A )
[

R ]
Hﬂﬁﬁ.

a given soi{l mass. Therefore, this remolding of the soil sample

“» ‘1’1’
4 4%

provides a means to analyze the automated military cone

-
AR
»

v
v

penetrometer’'s capability of providing effective data on the

}
. @

effects that repeated military veh{cle loadings may have on soil

o

DL

LA

resistance.

The summaries of the cone penetration tests conducted within
the four series in test pit one and the two series in test pit
two are presented in Tables 6-1 and 6-2, respectively. These
tables present the penetration test number, date of penetration,

the location of penetration within the pit, and whether the data

o«
.

was collected from the in-situ or remolded soil. The

-' '; ‘v. Y .I. .l. '; '-
LSS

penetrations among the testing series were conducted in either

o
e

the center or side of the pit, therefore allowing a better basis

-
L

-

&1
u

for comparison of data between series. These series and test

e

r

s
¥ 3

numbers will later be referred ¢to in the discussion of test

PR A
[ &
- l'l

Je

results. Several! penetrations in the series of tests indicated

o

the presence of rocks during the conduct of a penetration. These

are noted as such in the Tables and not wused for comparison

..?

pPurposes.
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Penetrations of the pond screening sample in Test Pit #1

were not initiated wuntil 1.5 weeks following the pit's

¢
S A )

construction because the strength of the sample was not

sufficient to adequately support the weight of the researcher
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until that time. Subsequent series of cone penetrations at the
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center and side of the pit were performed at the 2, 3, and 4 week
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TABLE 6-1} SUMMARY OF FIELD TEST DATA
TEST PIT &y
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SUMMARY OF FIELD TEST DATA

TABLE 6-2
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time frames. However, the strength of Test Pit #2 was sufficient

e s A Y.
3
A

to allow the initiation of penetrations approximately three days

133:&
following this pit's construction. The soil used in the "o
construction of both pits came from the same source, and the Sﬁz.
oK
weather <conditions, tor all practical purposes, were the same :xﬁi

during the construction and prior to the initial penetrations for
each of the pits. The rapid strength gain exhibited by Test Pit

#2 will be further discussed in the analyses of results.

6.5 DISCUSSION AND ANALYSES OF THE TESTING RESULTS

This section will present a thorough discussion concerning:

(a) the consistency variation with depth over time within <«ne

L]
L
Q,J. 1

F el

sample, (b) the extent and stiffness of the desiccated crus=:,

8

(c) the variance in strength between the two test pits, (d) the éﬁFn
‘- -
effects of repeated loading/remolding. -}ﬁ?
Within the discussion of each of these facets, analyses cf Eﬁs’
the cone penetration data collected in the testing program as kEEE
N
well as conclusions based on these analyses will be presented. SE?:
It should be noted that, since the automated military cone A?

penetrometer has proven i{ts ability to provide repeatable and
reliable results {(n the laboratory validation testing progran.
the cone index vaiues collected {in the field testing program will
be accepted as accurate. Therefore, the discussion which follcws

will concentrate totally on the <capability of the automated

system %0 effectively accompl/ish the above aspects.
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As previously noted i{n Chapter 2, military trafficability

studies are primarily concerned with the strength properties of

the sof{l within the top two feet of a soll! mass. Generally, soil

as a whole is considered to be variable in nature and the actual!
strength properties it exhibits <close to the surface at a given
time are many times highly dependent upon the prevalling weather
conditions in the area. The proper identificat{on of strength
properties of a given soil mass within two feet of the surface
could prove to be the difference between success and fai{lure in
military mobility cperations conducted on non-paved surfaces.
Since the primary tool used {n trafficabi{lity studies to
identify the strength of a soill s the conventional military cone
penetrometer, then the need for the penetrometer to provide
accurate and precise data {s paramount. Thus, the requirement is
established for evaluating the ability of the automated militaryv
cone penetrometer t- effectively i{dentify the variability of scil
resistance with depth {n a reallistic layered soci{l system. The
following subsections wil! present plots and provide a di{scussicn
of the results obtained from Test Pit #1 concerning variability
and qualitative property evaluation. It {s noted at the onset
that ¢the results of the data collected {n these serieg of
renetrations demonstrate that the gsol!l resistance within the test
samples on a given date ({s variable (n depth as well as {(n
location within the test pit. This point is considered a natural
occurrence In penetration testing and detalled analysis is

considered beyond the scope of this initial study. In addi+tion,
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o
Y

plots of the results comparing the center and s{de penetrations
within a given series as wel! as any other plots of field test
penetration data not presented (in this chapter are located in

Appendix C for further reference. o

T e rGEm—— A w . AR e W e e

v w w a

6.5.1 VARIATIONS IN SOIL RESISTANCE WITH DEPTH OVER TIME

The permeation of the pore fluid from the sample and the
prevailing weather conditions at the testing site are considered

to be the primary factors responsible for changes In soll

! resistance in the pond screenings test pits. The ability of the n:‘

' BN

{ automated military cone penetrometer to properly recognize and gﬂg
IS

&

quantitfy the magnitude of the soil resistance changes due to

these factars over time will he the primary concern for this

discussion.

During the conduct of the penetration tests in Test Pit »!,

the pond screenings did not experience any measurable
S
precipitation and was subjected tc normal autumn temperatures for }iﬁ:
DGR
NP g
the Atlanta area. In general, the results of the data collected ;ﬁqg
LSLRLY
AR
from the automated military cone penetrometer tests conducted in Teme
o
' Test Pit #1 (Test Series ! through 4) demonstrate that the soil -g;;{
AT
~2a e
resistance at a given depth In this test sample tends to increase ;q}éﬂ
:’-'?J‘\u
from one series to the next. From the discussion on the _&}?:
selection of the test soil, a pond screenings deposit would bte -Ji!é
A -
At
expected to exhi{bit such an {ncrease {n strength over time due to C\;ﬁ
\_.\_,\‘
the dissipation of pore water within the soil mass. :ﬁﬁ;
i \'_\'_‘\
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Continuous profile Plots of the <collected data which
graphically depict this {increase (n strength among the four
series of tests are presented In Fligures 6-2 and 6-3 for
penetrations conducted at the center and side locations,
respectively. Two key observations are immediately noted: (1)
the automated cone is effective In delineating small variations
in consistency with depth and (2) there is a dramatic effect of
cone index varfation over time in the test pit. The data
collection process and sensitivity of the automated military cone
penetrometer allows a range from l!ess than (% ps{ to greater than
259 psi in soil resistance values to be effectively captured.
This extreme range in data depicts the volatile nature of soil
resistance within the pond screening sample. The detail provided
in the data collection process of the automated military ccne
penetrometer potentially allows more specific analyses of this
soil's strength characteristics.
Specitically, these plots demonstrate that there seems to be
a relatively large increase in soil! resistance between the second
and third weeks (Test series 2 and 3, respectively) following the
test pit's construction. A possible reason for such a noticeable
increase could be directly related toc the fact that numerous
shrinkage cracks, varying {n width from .S to 2 inches, appeared
throughout the testing sample between test series 2 and 3. These
cracks potentially provided an additional, and possibly easier,

means for the dissipation of the pore watar in the socil,

therefore increasing the resistance capabiliity of the soil.
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In addition, these plots show that the upper 6 to 18 I{nches

- .‘.'."':
L.
[

Ay

X of the pond screenings generally demonstrate a tendency to

[ ', l'"I. .,

o>

’

increase strength much more rapidly than the lower segments of

."
[

(o)

the test sample. The reason for this iIncrease is again

‘l."l. .

considered to be related to the dissipation of pore tluid. The

il
l. l.
/0

dissipation of the pore fluid in the fine pond screenings sample

PR s
e

L4
e

y
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-
[}

is easily accomplished {n the upper layers of the sample through

the mechanism of evaporation and thus formation of a desiccated

crust. T
S
]

\ The above observations establish that the proposed automated ﬁhﬂ
®

military cone penetrometer system is fully capable of effectively PSR
TN

identifying ¢the variance in soil resistance within a highly :{ﬁ:
."\J"

volatile soil mass over an extended time period. In additicn, N
o

A

the sensitivity of the device and the large number of data pain-s @
collected within a single cone penetration allows suffi{cient da%a ; .
e

for analysls. e
A

o

A,

6.5.2 IDENTIFYING THE EXTENT OF THE DESICCATED CRUST .
e
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From personal experience and conversations with mobiiity Ara
personnel at WES, the existence of a hard layer overlying a scft }1ﬁ
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L
soil layer {s considered to be one of the most important and mcst f;j\
S

’ -

{I‘
[ '.‘

difticult scil conditions to quantitatively identify in militaryv
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trafficability studies. One reason for this diffi{iculty stems
from the fact that the ¢thickness of the desiccated crust is

extremely variable In nature and, many times, dependent upcn
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prevaliling weather condlitions at the time a study ts conducted.

Therefore, if the automated system can be shown to effectively

identi{fy ¢this condi{tion, then |t may prove to be extremely

beneficial {n future trafficabllity study requirements.

Referring again to Figures 6-2 and 6-3, the presence of a

desiccated crust is obvious in the series of tests conducted

during the third and fourth weeks {in Test Pit #1 at both the
center and side locations. The data collected from the cone
penetration conducted at the side of the test pit during the
fourth week, Test # 4-3 of Filgure 6-3, {s selected as the

representative penetration which will be further analyzed to

determine specific aspects of this hard over soft soll layering

condition.

Test # 4-3 presents detalled data which allows clear

delineation of the hard over soft layering condition.
Specifically, the desiccated crust extends to a depth of
approximately 7 {inches below the surface of the test sample. At

this 7 inch mark there appears to be a clear separation between
the hard and soft layers. The hard, desiccated crust exhibits an
average strength in the range of 160 to 20¢ ps{. The soft layer
seems to exhibit a nearly uniform average strength of 6@ psi tc a
depth of 20 inches. Between the 20 and 22 f{nch marks, the scil
registance exhibits a dramatic, locallized increase {n strength
before talling off to a value of nearly 40 psi at a depth of 24

inches.

The results shown in Figures 6-2 and 6-3 as well as in many
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ot the other figures {n this chapter and Appendix C clearily
demonstrate the qualitative assessment capabllities of the
automated military cone penetrometer, Because of the detail
provided In the penetration data c¢ollected by the automated
military cone penetrometer, a quantitative analysis ot the
sensitive hard over soft layered soil condition <can be
accomplished using thecretical procedures l{ke those developed by
Baladi and Rohani, 1981. It i{s noted that an assessment of the
Baladi and Rchan{ theory was not pursued as a part of the scope
of this current work. It i{s anticipated that this evaluation and
analysis will be part of the next phase of this project. The
presented data demonstrate that the automated military cone
penetrometer s highly capable of providing the detailed,
sensitive information for military trafficability studies in

difficult soill conditions.

6.5.3 VARIANCE OF INITIAL STRENGTHS QF TEST PITS # 3§ & 2

The initial in-situ data collected by the automated military
cone penetrometer in both of the test pits are presented in
Figures 6-4 and 6-5. Notice that the soi{l resistance achieved in
three days in Test Pit #% 2 is for all practical purposes equal t>
or greater than the strength demonstrated by the sample in Test
Pit & 1 after 1.5 weeks. In addition, {t s obvious that there
are strikingly different trends between the side and center

results of the two pits,. At the center of the test pilt, the

U .h
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penetration result from Test Pit # 2 (g for all practical RN
®
purposes consistentiy larger than that of pit & . At the side thv;
'
of the test pit, the penetration results of both pits are » ﬂnﬂ
!
relatively equal. The reason for this ¢trend 1is considered a JhV\'
20
function of drainage. Specifically, the center of Test Pi{t &« 1 ;-.-
AT
did not possess an adequate drainage path to allow the AN
’h-h
L l-‘.
dissipation of pore fluid and therefore demonstrated less soil :dv?t
FACA.
. -F'
resistance. ®
DA
All of the testing parameters (soi!, weather conditions, f#}”
- .f ..
A
test site, etc.) were Initially considered to be {dentical for {iﬁ;
-‘J .l
l" "-
each of the constructed test pits. As the strength YLK
]
characteristics of the soi! samples were not identical, based on ;VT?
LY
»
the elapsed time between the dates when the pit was constructed rﬁ}\
o,
%
and the i{nitial penetrations were performed, this assumption was ;T -
not reliable. Results of the cone penetraticns indicate that the -f!
l{.-

5
P
L

soi! placed {n Test Pit % 2 did not possess an initial moisture

ey
content as high as that {n Test Pit # 1, Close personal ﬁf
~
inspection by the researcher supports this observation. Once )
AT
again the automated military cone penetrometer s shown to ;:::
NI,
provide valuable qualitative and quantitative data for assessment g:;i
At
of local site conditions. : ;-

6.5.4 ABILITY TO IDENTIFY CHANGES DUE TO REPEATED LOADINGS

The ultimate goal of military trafficability studies {s to

establish the capablliity of a soil formation to sustain repeated
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loadings of a certain number and class of military vehicles.
Specifically, this goal is centered around the determination and
comparison of «critical cone Iindex values tc values needed fcr
vehicle mobilization. As presented in Chapter 2, the military
vehicle cone {ndex and rating cone index values are compared to
establish the final trafficability parameters of the soil mass
under investigation.

In general, each class of miiitary vehicle is assigned a
vehicle <cone {{ndex value which specifies the minimum soil
res{stance required of a soi{l mass to successfully support 5@
passes of a particular vehicle. This value s compared to the
soil’'s rating cone index value which {s derived from multiplying
the in-situ cone index by the remolding cone index value of the
soil mass {n question. The in-situ cone 1index value is
determined from cone penetrations, conducted {n the same manner
as those performed in this fleld testing program, at the si‘e
under investigation. The remolding cone index value is
determined from cone penetrations conducted in the field with a
cylindrical test sample of the soill In question. A brief summary
of the steps involved |iIn determining the conventional! remoliding
cone {ndex value include: (1) obtai{ning an undisturbed socil test
sample, (2) determining the in-situ cone index vaiue of the soil
sample, (3) remolding the sample by subjecting {t to a sequence
of repeated {mpact lcadings, (4) determining ¢the remclded cone

index value of the soil! sample, and (5) determini{ng the remoiding

cone index value by dividing the remolded cone index value by the
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in-s{itu cone |Index value of the test sample. A more thorough
discussion of these steps is presented in Chapter 2.

The focus of discussion In this section wi{ll concern the

aspect ot determining the above referenced remoided cone index
value of a soll. Specifically, the ab{lity of the automated
military cone penetrometer to effectively establish the effects
of remolding on the pond screenings {n Test Pit # 1 will be
scrutinized. The subsequent paragraphs will present a di{iscussion
and analysls of the penetration data collected by the automated
military cone penetrometer following the application of the
repeated loading conditions previocusly discussed In section 5.4
cn the pond screenings sample. Note that the remolding
techniques developed tor this project differ from the
conventional technique referenced {in TM 5-3302. Because the

proposed techniques do not require excavation of samples and test

the soil in place, they are believed superior to conventional
techniques. Verification of this conclusion requires further
study.

Representative plots comparing the {n-situ and remolded cone
index values collected with the autcomated system at the center
locati{on of Test P{t # { in Test Series 1 through 4 are presented
in Figures 6-6 through 6-9, respectively. Similar plots of data
collected at the side location in Test Pit # 1 and the series of
tests {n Test P{t # 2 are located In Appendix C for further
reference. All of these plots depict the general trend that the

remolded cone index of the pond screening samples tends to be
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11ght wheeled vehicles over this sol! mass before having extreme
mobility diffticulty.

The analysis in the preceding paragraph establishes the fact
that the success of off-road military mobil{ity operations in
volatile soil conditions could prove extremely dependent upon the
accurate collection and analyses of cone penetration data. The
presentation of results in thig section demonstrates that the
automated military cone penetrometer is fully capable of
providing the detailed, continuous data over the critical depth
of (interest needed to establish thils accurate collection and
analyses of soil resistance. Specitically, this section
establishes the fact that the automated military cone
penetrometer can successfully identify changes between the in-
s{tu and remolded cone i{ndex values required In military

trafficability studies under extremely variable soil conditions.
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CHAPTER 7

P

CONCLUSIONS AND RECOMMENDATIONS

e T W e T T
Ly
l'

7.1 INTRODUCTION

e T
/'}‘. ‘<

The conventional proving ring cone penetrometer system

!
g g'l‘

currently used by the military to measure soil resistance during

Cale o¥ 4
a
b
v w
l.('

the conduct of trafficability studies is possibly out of date A

i)

with current technology In the engineering fleld of in-situ

o )
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a
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testing. One must question the efficiency and accuracy cf a

P4
2

system which requires that soi! resistance and depth of

Py
Yy
?

penetration data be manually read from a proving ring df{al while

L8

depth ot penetration Is estimated from notches on the cone rocd.

Gy
The speed must similarly be questioned when these data must bhe PQ&
iy

manually recorded, particularly 1in light ot the extensive ®
advancements in computer and electronic technology in the past 10 Siﬁ'
p:“:\".

years. Such an antiquated system could prove to be a hinderance .:Eg
Y

-\ I-' »

on the modern battlefield where the military force that is able ";‘
gy
to quickly and effectively access information about the theater '|ﬂ§-

>,

P
S

of operations will have a definite advantage.
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The automated cone penetrometer developed in the conduct of %)
this research establishes a very strong foundation for the Edyt
r e
b development of a system which will provide the U. S. Armed Fcrces 3&
. r -F.
N
D)
4 with such an advantage. The laboratory and field testing results .32?
) L J

D T
AR

v
e

-

LA
y 4 , I
LY

v
A,




. o o il i el

sta¥ P

169
presented 1In this research demonstrate the designed automated

system’s ability to detect and record reliable soi{! resistance

and depth of penetration data In an extremely effective and
efficient manner. The following section will present certain
conclusions which resulted from the laboratory and fleld testing
programs of the automated military cone penetrometer {n the

conduct of this research. Following the presentation of the

testing conclusions, specific advantages and disadvantages of the
automated system compared to the conventional proving ring system
will be presented. The chapter will then conclude with suggested
recommendations for equipment modifications and further research

concerning the automated military cone penetrometer and its use

in the conduct of trafficabllity studies.

7.2 LABORATORY AND FIELD TESTING CONCLUSIONS

In general, the laboratory and fleld testing ©programs
conducted in this research <conclusively demonstrate that the
automated cone penetrometer 1s fully capable of meeting the
current operational demands established for military cone
penetrometer testing. The Dbasis for this general conclusion is

founded on the following specific conclusions concerning the

results of these testing programs.
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7.2.1 Rellable Results

In the conduct of the laboratory testing program, the

N WY VI FIETELL IO T
R
P 4
AN

automated military cone penetrometer successfully demonstrated

that it could measure soil resistance and depth of penetration

data in an extremely rellable and repeatable fashion.

N

Specifically, the device successfully duplicated the accredited
work by Vesic (1963) whereby a direct relationship between the
dry density of Chattahoochee River Sand and soil resistance as
measured by a penetrating cone was established. Based on the
reliability of the results from this phase of the testing
program, the apparatus was then considered applicable for
analyzing the effects of cone size, rate of penetration, and
concentrated surface loading conditicns on the value of ccne

resistance.

7.2.2 Effect of Cone Size

Ld

hY &a,'-;w 5
o

The effect of cone size on measured soil resistance was

5';.

"
‘) f‘.t'

analyzed {n the laboratory testing program by using .5 and .7985
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Inch diameter steel shaft to conduct cone penetration tests on

e te tn
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various densities of Chattahoochee River Sand. The results of

{ inch diameter 30 degree right circular cones attached to a 3/8

-
LA
e

.

with results expected from a bearing capacity analysis with the ‘

XX,
('.,.

)
penetration tests conducted on loose sand samples are consi{stent
.799 inch cone exhibiting larger values of soil resistance. oA
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However, the results for the penetration tests with cone diameter

(De) to shaft diameter (dg) ratios (Dc/dg ) equal to one (.5 inch »ﬂ?k
diameter cone) In the dense samples demonstrate higher soil

resistance values which s attributed to the lack of space NN

allowed for dilation to occur during penetration. Thus, the

'h..'i

L) '-N
automated cone penetrometer provides a tool which {s sensitive ﬁ?ﬁﬁ

AL

SNl
enough to detect subtle wvariations and allow a fundamental VN

» !

investi{igation of the fallure mechanism.

7.2.3 Rate of Penetration

Based on the cone penetration data collected, it |is
concluded that rates of penetration ranging between 4 and 8
inches per minute (factor of 2) have nc significant effect on the
measured cone index value for "dry" Chattahoochee River Sand. It
is proposed that one may not be able to draw a similar conclusicn

it the magnitude of change {n the rate of penetration were

"\
»

. '.
b
¥

l"‘

possibly increased to a factor of 18 or it the sand were

A N
)
S

LA S
hY
&

saturated as has been shown by Campanella and Robertson (1982) {n

ok
l.’l.!

their research at the University of British Columbia and others

L]

on the conventional CPT. This aspect provides a basis for q&f'
w
P

further research to be discussed in the final section of this bﬁ

R

chapter.
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7.2.4 Concentrated Surface Load Effects

The laboratory test data conclusively demonstrates that the
weight of the operator during the <conduct of cone penetration
testing establishes a concentrated surface !ocad which directly
inf luences the measured value ot soil resistance in dry
Chattahoochee River Sand samples. Specifically, these results
show that as the weight of the operator 1{ncreases so does the
value of measured soil resistance at a corresponding depth for a
given density of dry sand. This increase tends to be much more
profound in the loose sand. The placement of the operator’'s feet
on the foot pads of the base plate causes an increase (n
confinement, vertical stress, and lateral stress which {n essence
means that the penetrating cone will measure higher scil
resistance values than are actually present in the irn-situ
condition. This effect iIs undoubtedly common to the conventicnal
system and these data indicate that the historical data base i{s
biased to the weight of the operator and the position of the
operator’s feet during testing. This effect should be further
studied for other solls and accounted for Iin a standard fashion

in future tratficabllity {nvestigations.

7.2.5 Comparison to WES Analytica! Model

An in-depth study to analyze the WES analytlcal model was

not within the original scope of this inftial testing phase for
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the automated military cone penetrometer. However, a quick
application of this model to predict the soll resistance of

Chattahoochee River Sand over a 24 inch depth of cone penetration
was conducted and the results compared to measured soil
resistance values. The results of this comparlison demonstrate
that the model {s undoubtedly promising. Thig model is useful!
for evaluating soll properties and not just for trafficability
purposes; therefore, it shows in sight potential. The
sensitivity demonstrated by the automated cone penetrometer

system makes {t an ideal tool for further studies of this model.

7.2.6 Measuring Soil Variability

During the conduct of the (field testing program, the
automated military cone penetrcmeter successfully demonstrated
its capability to effectively measure variability in a soil mass
with extreme detail over a 24 inch total depth of penetration.
In general, the device effectively quantified the magnitude of
change in the strength of the pond screenings presumably as a
result of the dissipation of pore pressures over time. In
addition, the sensitivity of this device enabled it to identify
the detailed soi! resistance and corresponding depth of a
variably stitf desiccated crust overlying an extremely soft

layer.
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7.2.7 Vehicle-Soi! Relationship

The automated military cone penetrometer demonstrated that
it is an excellent tool {n establishing the strength loss caused
by repeated loading. It i{s proposed that this device can augment

the overall aspect of military trafficability studies by

oy ¥ K B WO

providing a more efficient and effective means of establishing
the effects of vehicle loading on given soil conditions.

! In addition, the military’s procedure of establishing the

remolded strength of a soil by measuring soil! resistance Iin a 2
. inch diameter steel cylinder {s questionable based on the results .
N
of this research and work performed by Parkin and Lunne (1982). :4&{1
i&\.
: These results suggest that boundary effects may bias these $$ﬁ
J s
Y
remolded strengths and thus the rating cone index of a soil. The )
i
automated military cone penetrometer is considered an ideal tool :\::.
ﬁyta
to further analyze this aspect. \?j
N
E " RV
®
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3 7.3 ADVANTAGES OF THE AUTOMATED CONE PENETROMETER {?Q:
- J“ .)
' QON
st
4 .-".l'
As stated throughout this report, the automated military A
| e
cone penetrometer has successfully demonstrated that {t is fully ;V:*:
capable of performing the functions required in the conduct of i%i

..
S e

military cone penetration tests. The success of the autcmated

system establishes the fact that such a system 1Is considered ?xgﬁ
LSS
feasible and will provide specific advantages not realf{zed with ﬁ&f
Fo
AL
R LSAS,
the current proving ring system. The following sub-sections will h&‘i
L
| J




MR TN AR S O MU PO M o O W W e W W a e LWL LU VWL L N U HAALYL GLnt by LR Gt i a0 0 g Lt 100 01 !0 o) a0arptiy gt o ket 0By aly” 0

166 e
g '-f
discuss the specific advantages realized with the automated ';”JS

system as presented in this report. . .-3

7.3.1 Automated Data Acquisition aﬁé"

2
& 41
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¥
g
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The major advantage of the automated system concerns the

I
P4
)

e

manner {in which the soil resistance and depth of penetration data

A ey
-‘ !
D% X,

are recorded. In general, the automated data acquisition system

proved that 1t could efficiently and effectively measure and

PRI
J?giéggo

&

record the soill resistance and corresponding depth of penetration

o
‘s
o 4

in both homogeneous and non-homogeneous socil conditions. The

> 3
a

fact that all of the data is obtained automatically on relatively

small, field-capable instrumentation reduces the possibility of

e
data being incorrectly recorded; this appeared to be a major v
o
source of error associated with the proving ring system. In all R&J
Lt
of the tests conducted in this research, the automated data ;&\2
¢
acquisition system continually recorded reliable and repeatable 5;;
L ]
results of the existing soil conditions. oo™
LRCY
I
P
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7.3.2 Efficiency of Overall Operation x&i’
J
S e
l:_h\.
The handling and operation of the avtomated cone Y
N -
penetrometer only requires the attention of one operator. The iﬁf
'\-"
design of this system eliminates the need for both an operator o
.:~'.;i"
and assistant as suggested for facilitating the operation of the 5?3
AL
proving ring system. In specific, TM 5-332 suggests an assistant }'2
i
o
~\-.~
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be used {n the proving ring system to reduce the possibility of

error and the amount of time required in the task of manually

recording data. By providing a more efficient system, the
automated system decreases both the possibility of error and the
time required to record cone penetration.

As designed, the automated system allows a single operator
to conduct numerous cone penetration tests within a very short
time period. Once the operator has conducted the desired
penetrations, the device can be directly attached to a portable
or office-based computer for data reduction, storage, plotting,
and analyslis. As noted {n the context of this report, the number
of penetration tests which c¢an be effectively retrieved by a
single operator in a single testing session with the automated
cone penetrometer 1is currently limited only by the computer
software availabl!e for analysis. In this first generation
system, this {s approximately 5 tests when utilizing the LCTUS
electronic spreadsheet program for data reduction and analyses.

The established design allows cone penetration data to be
saved in the data logger for as long as required; therefore, the
operator {s not required to transport a computer during the
conduct of these penetration tests. This means that the analyses
of soil resistance based on the automated cone penetration test
results can be conducted {in a totally separate location at a
later time. Thus, the whole sequence of operation concerning the
autcmated military cone penetrometer seems to provide the

milfitary with a much more efticient means of obtaining scoil
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resistance data with a manpower requirement of only one soldier.

7.3.3 Sensitivity

In both the field and laboratory testing programs, the
automated cone penetrometer proved that it could provide detailed
qualitative solil resistance data at a corresponding depth. The
automated system demonstrated a capability in which a c¢hange In
soil resistance or cone Index of .852 psi can be accurately
measured using the .5 square inch cone. Such sensitivity would
only be possible through interpolation when using the proving
ring cone penetrometer. For this study the depth sensitivity for
each data point was approximately 2.25 inches. If additional
data points are required, depth sensitivity of approximately .@22S
inches could easily be achieved by software control.

This increase in sensitivity, relatifve to the conventional
proving ring cone system, augments the military's ability to
better define the soil-vehicle relationships which are the
cornerstone in the conduct of trafficablility studies. As
previously no£od, this ability was successfully demonstrated in
the field testing program where the automated system was able to
eftfectively establish the magnitude of change In soil resistance
due to repeated loading conditions.

The sensitivity of this device also provided an effective
means for studying the effects of penetration rate, cone sice,

and concentrated surface loading c¢onditions on soil resistance.
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The sensi{tivity features and the small size of the device provide
an excellent resource for conducting further research in a

laboratory environment.

7.3.4 Soil Profiling

The beauty of the automated cone penetrometer system is the
fact that this system provides approximately 96 data points over
a 24 inch depth to establish a nearly continucous soil profile;
more data polint can easily be collected via software control. As
presented throughout this report, the automated system enables
these data points to be electronically communicated through a
computer to a spreadsheet program where the data can then be
easily transposed into a hard copy soill protile. In specific,
the automated system provides an effliclient means to precisely

detail! a soil profile which can then be quickly and efficiently

SR
l')’ﬂ".‘,‘,"’ ’:
LY UL Y

-

analyzed to establish the key aspects of soil resistance as it is
related to military trafficabllity studies.

The automatic soil profiling also allows a more critical

v

analysis of a soil’s cone index value than is currently provided
with the proving ring system. This conclusion 1{s based on the

fact that over a depth of 24 inches the automated system provides

._,..,.'. S
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L A T 4 LA
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approximately 96 data points while the proving ring system would

realistically allow approximately four cone index values to be ﬂg&ﬂ
o

manually recorded. Using the time consuming recommendation by i%ﬁ%
- \ [ \
A

Balad{ and Rohan{ (1981), approximately 24 data points would be E}xi
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5? manually recorded. o
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e 7.4 DISADVANTAGES OF THE AUTOMATED CONE PENETROMETER )

b o
) .
ot I{-
- Even though the automated military cone penetrometer has ,’
o0 o~
ﬁ: successfully demonstrated {ts capabilities and wuse in military :&:
=" -
:} applicaticns is considered feasible, the change froem a manual to i:j

A
an automated system does establish specific disadvantages which ®
h must be considered. -
! I~
i -~
e .P"
) 'd )
{ Fa
- 7.4.1 Training ;
ot P
o e
]

Switching to an automated system will establish the need to

develop a new training procedure for the conduct of cone

-{ penetration testing. Encompassed {n this requirement will be the
o~
34
ﬁ need to retrain the current operator’s of the military cone
q.
o penetrometer. The Operator’s Manual presented in Appendix A
o establishes an excellent foundation which would facilitate this
gf requirement. Even though the automated system may require an
: initial influx of training requirements, such a system will
) potentially be easier to learn and apply than the conventional
10N
[ o
k; proving ring system.
]
LW
- 7.4.2 Maintenance Regquirements
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$ The electronic mechanisms which make up the automated cone Q?
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penetrometer is a more complex system than the simple proving
ring system, This change In components means that the
maintenance levels involved {n maintaining operational equipment
increase. Coupled with this is additional maintenance training
and study. However, since most of the maintenance personne! at
the unit and higher levels are generally accustomed to high tech
equipment maintenance, the relative ({ncrease {n effort will
potentially be small.

The Operator’s Manual for the automated cone penetrometer as
presented In Appendix A of this report makes an attempt to
establish the bounds of maintenance performance at the operator
level, It such a boundary is established, maintenance
requirements will probably not be overwhelming and should {n no
way curtail further development or implementation cf the
automated system. Future generations of the automated cone
system could implement calibration checks for both depth and load

to faci{litate operator detection of maintenance requirements.

7.4.3 Computer Requirements

As designed, the proposed automated system requires that a
computer be made avallable to retrieve the measured scil
resistance and depth of penetration data which i{s stored in the
device's data logger. Even though the use of a computer allows
the retrieved data to be more quickly and thoroughly analyzed,

the requirement to transport a computer could be considered a
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drawback to military units in a field environment. However,

.
ie® o
¥

many

.
K
.-

of the Army’s most advanced units currently depend on a computer

for the dally management requirements of the wunit (i.e, w\V ﬂ
-~ '
:I ~.|
maintenance, personnel, and supply); therefore, it 1is suggested g: W
that computer requirements for analyzing the data measured with yﬁ%&,
PN,
the automated cone penetrometer could easily be incorporated into ﬁu}ﬁ'
O .,-'
N '-f,l -"
this daily cycle with little eftfect on current practice. As fn}r
REAER,
presented in the text of this report, thi{s research program used b
[ 3P
an |IBM portable computer which {s fully capable of being easily ﬂfﬁﬁ.
(Sl Nl |
H'jlf' Ry
Y
transported and operated in a field environment. qa:-f
NN
This need to utilize a computer {s listed as a disadvantage '6
L
only because of the fact that not "all"™ military units, at the &ﬁ;,
LAY,
ey
present time, are equipped to function under dai{ly computer :?gﬁ
.\ - '
requirements. As computers become more of a common item in ‘ﬁ;‘
NN
military operational practice, this computer requirement should :};Q
Saks
W
not be considered a great disadvantage for the conduct of :ﬁﬁ}
-f > ]
A
extensive military trafficability studles. rﬂth
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A
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7.4.4 Power Source Location :ﬁyﬁ
®
._-':::::'
The current design requires four 9 volt transistor batteries uﬁﬁ
e
\-.b.‘.h
be installed 1inside the apparatus for power supply requirements. 5&;?
In the initial generation system, the apparatus must be taken A
v
AN
apart to check or replace these batteries. This is not a good ﬁ§5
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N
design concept as opening the electronic <control boxes at the qu
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operator level each time the batteries need to be checked or
replaced {ncreasgses the risk of premature damage of the electronic
components and wiring. Even under the extreme control exercised
in the conduct of this research, the repetitious battery changes
caused damage to the RS-232 communication wiring system inside
the apparatus, resulting in rendering the apparatus temporarily

non-operational.

7.5 RECOMMENDATIONS FOR EQUIPMENT MODIFICATIONS

The purpose of this section Is to present specific equipment
modifications for the automated cone penetrometer developed and
tested in the context of this report. As noted throughout this
report, the automated system tested in this research has proven
beyond a reasonable doubt that it {s much more efficient and
effective in measuring soil resistance and depth of penetration
than the proving ring system currently used. Note, however, that
this is a tirst generation system and the following modifi{cations
will provide an even more efficient and effective apparatus for

conducting military trafficability studies.

7.5.1 Separate Power Source Compartment

The power supply {8 <currently located inside the two
electronic compartments and Is considered a great disadvantage to

the present design. Therefore, it {s suggested that the
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batteries required to power the data logger, load cell, and
potentiometer be located in an easlly accessible compartment
which is totally separated from the major wiring system of the
apparatus. The design modification should provide a means by
which these batteries can be {nternally recharged. Such a design

wili facilitate the need to change or recharge the batteries and

reduce the posslibility of damage to the delicate wiring system Iin

the automated device.

7.5.2 Measure Cone Tip and Friction Sleeve Resistance

Current equipment devel~pments in the filield of {n-situ soil

testing provide a means of separating the cone tip and sleeve

resistance values. By separating these values, a more accurate
assessment of a soil's tip bearing capaclty is measured. In
addition, the use of the friction sleeve mzy allow better

delineation of soll properties. It {s recommended that a second
generation automated mil{tary cone penetrometer be designed and
tabricated to measure these values separately for future
research,

One may question this recommendation from the basi{s that the
current trafficability cone {ndex values data base have been
derived based on a desi{gn which combines both tip and sleeve
resistance. This {s a valid concern and shoulid be a point of
further study to quantify the effect of the separate readings.

It is, however, noted that the military currently attempts tc
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establish a fine-grained soil's stickiness value in the conduct
of trafficability studies via separate testing and analyses.
Specifically, TM 5-332 states that the stickiness value of a soil
is a measure of how much a particular soil will adhere to the
running gear of a vehicle, thus possibly making travel and
steering that much more difficult. [t the cone penetrometer was
designed to separate the cone tip and friction sleeve resistance,
then a possible relationship between the sleeve resistance and
stickiness value of a soll may be established. Such a design may
enable the applicability of the current data base; a slight

correction may be necessary.

7.5.3 Pore Pressure Measuring Device

In addition to a stickiness value, military trafficability
studies attempt ¢to establish a slipperiness value for a scil
which i{s defined as a measure of a soil’s water content (TM S-
33%). The amount of water {n a soil directly affects a vehicle's
ability to steer and the ability of a soil mass to suppor*
sustained military traffic flow. In the design of cone
penetrometers, current technological advancements provide a means
by which the pore ©pressure generated by a penetrating cone in a
soi{l can be measured by placing a pore pressure element i{n the
vicinity of the cone tip. Such a modifi{ication may enable the
military to establish a better understanding of soil’'s strength,

permeability, and slipperiness particularly 1{n soft saturatea
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soils. Pore pressur- measurements would also contribute to a ot ]

thorough analysis of the remolded resistance, a measure of the

soll’s ability to support sustained military vehicle traffic.

7.5.4 Direct Cone Index Reading Capability

It {s suggested that the controls and display window on the
current device be reformatted such that the operator (s able to
read the cone index directly during the test; this would allow
rapid assessment of subsurface characteristics and may reduce the
requirement of data download onto a computer 1in certain
instances. The purpose of this modification {s to allow a quick

assessment of a soil’'s trafficability 1t the need arises. After

completing a particular cone penetration test, such a
modificati{ion could possibly provide the operator with the ability &ﬁﬁﬁi
L 0
to read from the display window the cone index value at each 4 or hy! %&
i e,
€ inch increment of penetration depth. Therefore, the operator 3?&\'
is able to quickly establish the trafficability of a particular 4%?:
i,
scil mass. The 96 data points are still stored In the data ¢q§¢
4&?7
‘ 0
logger for this penetration, thus, allowing a more thorough ’:$ff
analysis at a later time. y-.'
Y !
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the context of this report, {t is highly recommended that further
research be conducted and the next phase of this research
commence. The proposed device provides a thorough and efficient
means of meeting current demands on trafficabllity studies
conducted on the highly technical modern battlefield. The

following areas are suggested for further research.

7.6.1 X-Ray Photography of Cone Penetration

It is recommended that a series of laboratory-controlled
penetration tests be conducted under x-ray control. The specific
variables for study are expected to {nclude the .5 and .2 square
inch cones and homogeneous and non-homogenecus soil conditions.
Conduct of these tests Is expected to address the following key

{tems:

1) analyze the deformation process around the

penetrating cone and relate this to the analytical

equations established by Baladil and Rohani (1881).

(2) evaluate the boundary effects of the remolding
kit’'s cylindrical test sample on soil resistance data

measured with the two cones.

3 evaluate the Iinfluence of alternating hard and

soft soil layers on soil resistance and depth of
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penetration data.

sand and should prove adequate.

7.6.2 Conduct Cone Penetration in Calibration Chamber
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It {s noted that the size of the cone would allow use of the
x-ray facility already available at Georgia Tech. This facility

has been wutilized to penetrate 18 to 18 1inch thick samples of

to:

(1) evaiuate the application of the analytical

presented by Baladi and Rohani (1981).

particular soil (cohoslon.¢. and shear modulus).
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It {s recommended that a calibration chamber be constructed

which will allow laboratory-controlled cone penetration testing
in realisti{c soifl conditions. This chamber would provide strict
control to precisely model varying boundary conditions

degrees of saturation in a soil mass. The testing sequence
should utilize the automated military cone penetrometer with the

equipment modifications suggested in Section 7.5 and be conducted

(2) determine {f the measured soil! resistance values

can be correlated to the engineering properties of a

(3) more accurately define the effects of concentrated
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surface loads as applied by the operator of the cone

penetrometer on the value of soil resistance.

4) establish friction sleeve resistance and
stickiness wvalue for a particular soil to provide a

possible correlation between these two values.

(S) evaluate the effect of pore pressure measurements
on the ability ot a soil to support sustained loading

conditions.

(6) evaluate the effect of rate of penetration under

varying boundary conditions and degrees of saturation.

(7) Conduct tests using sand, si{lts and clays prepared
to a wide range of anticipated field conditions. The

unique feature of this type calibration chamber is the

si{ze. Currently available chambers are approximately 3
feet (n diameter, S feet deep, and capable of
gimulating confinement of 10's of feet of soil. This

size is not needed for the automated military cone
psnetrometer because of the relatively small size cf
the prototype instrument and critical depth cof
interest. Thus, {t could be relatively easilly adapted
to the chamber at Georgia Tech used for the current

study.
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APPENDIX A
OPERATOR®S MANUAL

i S

AUTOMATED MILITARY CONE PENETROMETER
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OPERATOR'S MANUAL

INTRODUCTION

This manual provides a "STAND ALONE" step-by-step procedural

outline on the set-up, use and data retri{ieving processes Iinveolved

in working with the automated military cone penetrometer.
Several hard copy examples are presented at the end of this
manual to aid in the various steps of operation. Prior to the

conduct of any operation using the automated cone penetrometer,
the operator should insure that he or she fully understands where
each component of this device s located and its particular
function. It {s imperative that all personnel study anrd
understand the following sectlon which explains the location and
function of the various components prior to beginning any
operation with this device. Without a thorough understanding cf¢
the components, the operator runs the risk of possibly losing

valuable data.

OVERVIEW OF THE AUTOMATED CONE PENETROMETER OPERATION

The cone penetrometer i{s the primary {nstrument utilized bty
the Armed Forces in establ{shing the trafficability of a selected

segment of terrain. In this design the conventional proving ring
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186 qnoeos
system was replaced with a load cell to determine soil
resistance, a potentiometer to establish the depth of penetration e
and a data logger for storing this data from a series of tests to
form an automated data acquisition system. Figures 1 & 2, at the
end of the next section, depict drawings of (1) the complete

automated cone penetrometer package 1In the storage position and

(2) the controls at the top of both the Control and Loading

boxes. The control box {s configured with an outlet which can be

"
A H
4

connected to a computer by use of a RS232 cable to retrieve the

o
3,

<,
g

data from the data logger. This data can then be analyzed to

Pl 4
N
o

establish a continuous profile of the terrain over a two foo0t

s,
L

L

4

depth.
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The automation of this system provides many advantages of
which the most {mportant are:

# that the control of the automated data acquisition system
{s stralightforward and therefore easily applied with no change in
the actual technique utilized to push the cone penetrometer.

* the elimination of detailed recording of cone resistance
and depth by the operators during the conduct of the test and

) thus reducing possible errors.

* the elimination of an assistant as the automated system is
truly a one man operation,

*» a more efficient means of gathering data by speeding up
the aoverall data gathering process.

# that the device {is much more sensitive than the proving
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ring system and i{s therefore able to better define the thickness

of a desiccated crust and non-homogeneity of a soi! mass.

* the abllity to conduct numerous penetrations before the
data must be down-loaded from the data logger by use of a
computer. The number of penetration tests which can be conducted

is actually a function

cof the software utilized in down-loading

the data. This will be further discussed Iin the section cn

"Retrieving Data”.

# that a continuous profile of a penetration {s provided in
the down-loaded data which can be quickly analyzed to evaluate
the trafficability of ¢the given terrain. The values of cone

index are the same as those previously uti{lized with the standard

proving ring cone penetrometer.

LIST OF COMPONENTS AND FUNCTION

The automated cone penetrometer device consists of five
ma jor components:(l) Control Box, (2) Loading Box, (3) Base
Plate, (4) Shatt, and (S) Cone. The Control and Loading boxes
are actually attached to a common plate tor more efflicient use; {;ﬁ}ﬁ
"-/\‘
A,
however, each is considered as a separate entity because of their el
.ﬁ.'}.‘_-
particular functions. Figures { and 2 at the end of this manual ;ﬁk?
o
depict the location of these various components and should te NN
\.‘FN‘.'\
LS Y
reterenced as you proceed through this section. The following ﬁﬁﬁb
N
l\l v
paragraphs will define the particular function of these _ﬁ&{b
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components with gsubsequent sgections {n the manual providing i o
e

detailed procedures for the use of these components to accomplish l}fm
(';:‘:)";

specific tasks. ;%f}
l., "l‘}’;

~ -,,‘\,

DAY,

Contro! Box

This box contains the data acquisition which is the brains
of the automated military cone penetration device. The
electrical components Iin this box contain the data logger which
interprets and gstores the data from a penetration test;
therefore, special! care should be taken to insure that this box
{is not damaged in any fashion. This box contains an outlet which

enables the attachment of a RS232 cable to 1ink the data logger

to a computer for down-loading data from penetration tests. The °
cperator utilizes this box to control the functions desired by f s
.I"“
manipulating or viewing the following components on the top face :ﬂcf
(Reference Figure 2): %\
A .
- &*'

B

h 4
)

Battery Switch - The purpose of this switch 1is to establish the

] ‘: {‘i
X
source which wi{ll power the load cell, potentiometer and data Q,b:
logger in the apparatus. This switch is set up to provide the ;&:”
"
A
operator with ¢the capability of utilizing the cone penetrometer &g&y
l}w N
on the INTERNAL power source of two 9-volt batteries in both the Qﬁf&
e
control and loading boxes or on an EXTERNAL 12-volt battery which _ng
w NN
SN
can be connected by cable to the device. The switch has three €F¢
IS
positions: (1) up to EXTERNAL source, (2) down to INTERNAL :}:1
\f:\ i
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e
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source, and (3) middle for OFF. The EXTERNAL mode is more likely
to be wused in maintenance repair operation or calibration
testing: thus, this manual will consider only the [INTERNAL power
source which {s considered the most feasible for combat units {in

a field environment.

RUN/STQP Switch - This switch {s wutilized ¢to contro! the
operation of the data logger. The switch must be placed i{n the
RUN position {n order for any mode/function to be initiated.
Upon completion of a function the switch must be placed in the
STOP position to 1indicate the completion of this particular
function. Failure to insure that these switches are in the
proper position will probably result in improper data

acquisition.

Mode Selector Switch - This switch {s utilized to indicate the
particular function that the user desires. The switch must be in
the proper mode of operation prior to placing the RUN/STOP switch
in the RUN position. This switech provides the operator the

capability of choosing from five separate functions:

1. MARK - To MARK one particular set of cone penetration 3\$'
o
-
test data. An example could be that during the conduct of a r$ T
L
penetration test the operator hits a solid surface (e.g. large S,
Y
LAY

rock) and wants to separately identify this test when the data

from all testing 1s retrieved. Specific s{tuations where 2a
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particular test s to be MARKed should be designated in the

Standard Operating Procedures (SOP) of a unit.

2. DUMP - To communicate with the data Jogger via
computers. Ut{lized ¢to retrieve test data and to modify the
existing program within the data logger. (Note: At no time should
the program be modified except by qualified personnel. In
addition, a possible shortfall or benefit, depending on how one
considers it, of the Model! IV, Onset Tattletale device is that

the program i{s not burned into memory and can be altered.)

3. CLEAR - Utilized to erase all of the old test data from
the memory of the data logger prior to running a new test series.
(Note: Ingsure that all data {s completely saved prior to
{nitiating the CLEAR mode of operation or all of the data

presently logged in the apparatus will be lost.)

4, 1, .5 and .2 Inch - Utilized to place the data logger
in the data gathering function. The operator should choose the
mode which corresponds to the particular cone base area being

used for a given data gathering session.

6. CAL - Utilized to check the calibration of the load

cell and potentiometer within the apparatus.

A detaf{led discussicn of each of the above functions is outlined
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in subsequent sections of this manual,

AREA Deslignation Pane! - The two finger buttons on this panel
are utilized to designate test areas. This switch allows test
data to be separated and analyzed for a specific area. The
program In the data logger {s set up to automatically increment
@ach penetration test based on the data from the potentiometer
which electronically informs the logger that a 24 ({nch
penetration is complete to establish the sequential test number
for this penetration. The AREA designation provides an
additional control measure to establish different test
sites/AREAs which may be tested within a given testing sequence
prior to the data being down-loaded and then CLEARed from the

memory of the data logger.

R/S Button - Utilized to {nitiate the execution of certain
functions chosen from the Mode selector switch. This button will

be further discugssed in the outline of functiona! procedures.

Green Light - Utilized to provide visual proof to the operator
that a particular function is in the process of being executed or

has been completed. Further discussion to fol!low.

Display Window (Liquid Crysta! Display) - Utilized ¢to provide a
visual digital display of particular functions chosen from the

Mode selection. Further discussion to follow.
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S
K> Loading Box I
X 4
¥ o~
. This box contains the load cell which provides the means tfor .’
W~ A
LYY
.: measuring the resistance of the soil being tested and the TN
» e
A
. potentiometer which measures the penetration distance. A ::\1
A ‘. i Y
standard military cone penetrometer handle is located on the top {
" i
;s face of this box to provide ¢the platform for the operator to jﬁﬂ'
o !
N
s' place his/her hands {n applying the force required toc cause the ﬁté‘
. &
cone to penetrate the soil (Reference Figure 2). A clip attached f%

s X
§- tc a wire is located on the bottom of this box. This clip is 5§f
WY ,

B ‘- \ 9
; attached to the base plate, which the operator stands on during :£:
j ALY
! the conduct of a test, to allow the distance of penetration to be ‘ﬁ}
': logged by the potentiometer. -3-;
o S
b e
o to
R Base Plate :f‘

L]
e

4
i This plate provides thae support for the <clip to the ?x
»
W, '
" potentiometer, the operator with a foot rest during penetration ; :
[¥ testing, and a hole in the center portion of the plate which aids ;!p
¥
the operator {n minimizing eccentric loading conditions and to "
b
'
': allow passage of the penetrometer shaft through the plate. The R
! X
) bottom of the loading box has four magnets which are uti{liized to 1
' e
’5
: secure the base plate in the storage position, flush to the (~ﬁ
WY ". ')
)
N bottom of the box as depicted in Figure 1. e
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Shaft and Cone

The Military’s standard 3/8 or 5/8 {nch shaft, 30 inches i{n
length, is attached to the load ce!l at the bottom of the loadinrg
box. A 30-degree cone of 1, .5 or .2 square inches in base area
is attached to the end of the shaft. A washer just small enough
to keep from freely passing through the hole in the base plate is
placed on the shaft oetween the cone and the bottom of the base
plate. This washer will aid in eliminating the possibi{lity of
overextending the wire of the potentiometer and damaging the

device.
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GETTING STARTED ook
" hte
{ v
Wy J
' {
(" )
: 1. Inventory the equipment to insure that each of the five : ‘F
. ()
components listed previously are present. oy
T
y N
S
’: 2. Insure the battery switch {s Iin the middle (OFF» :ﬁ;:
) position and the RUN/STOP switch is in the STOP position. ‘;
"y R
) .Y
: PR
A
X 3. Insure that you have four fresh 9-volt batteries that {tﬁz
i ’
h will provide at least 8.5 volts of power. Check the batteries T
; with a voltmeter to {insure proper voltage. Insert two {nternal
: 9-volt batteries into each box. The four screws at the top of

each box must be loosened in order that the top face of each ¢an
be removed and the batteries {ngserted iInto their respective

storage compartments. Secure the top face of each box by re-

>

b
o

| tightening the screws. CAUTION: Insure that the battery poles

e are properly positioned prior to insertion to minimize
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-
A% ]

b

Y
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possibility of grounding the circuitry. Special care must be

-
i
1‘.

o

taken to {nsure that this step s completed in a very delicate

[
£
- - -

-

manner. Insure that none of the internal electrical circuitry is

l.'5
\ tat
]

Y5

handled {n any fashion. In addition, {nsure that the wires are

D
' d

“:—,l" .,

not caught between the top face and the frame of the box when

NN,

*»
. “,-

,l

securing the top face.
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4, Check to insure that the device Is operating properly.
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Place the AREA switch i{n any area 2 through 9, the battery switch

{in the INTERNAL position, and the RUN/STOP switch {n the RUN

[
A 1,

e Yo g J
%
Pd

‘1‘

position. Once the device s {n the RUN configuration the
operator should see 988 {n the display window. It display s
present then proceed to step 7, if not present, then continue

with step S.

5. Repeat steps 2 through 4 above.

6. It display is stil!l not present, then return the device

to qualified maintenance personnel.

7. Insure the battery switch s {n the middlie (QFF)
position and the RUN/STOP switch {s in the STOP position.
The device has now been tested and is ready for use {n completing

one of the tasks presented in the following sections.

8. Once all tasks have been completed with the automated
military cone penetrometer, the two batteries in the loading box
should be removed. The batteries in this box will drain because

of internal circuitry and therefore need to be replaced

approximately every six to eight hours unless removed.

[ JRERN

9. Insure that the data logbook sheet 1Is properly prepared

-, ..*
XD
7'e'e

prior to the conduct of any test to minimize time in the field.
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in

logbook sheet can be found at the end of this manual

A sample

%

Figure 3.
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CALIBRATION

Only qualiftied maintenance personnel should perform deta{led
calibration of circuitry within the device. However, all
operators should perform the following steps to insure that the

initial calibration of the device |s properly established.

1. Insure that the battery switch is OFF and the RUN/STOP

is in the STOP position.

[N

Turn the mode selector switch to the CAL position.

3. Place the battery switch i{n the INTERNAL position.

4. Place the AREA desi{gnation in the & position.

S. Place the RUN/STOP switch in the RUN position. Once in
the RUN position, hold the Control and Loading boxes {n your
hands insuring that the lcad cell stem at the bottom of the
loading box s not touched. The display window should read

approximately 188 when the device {s placed under self weight.

6. Place the AREA designation 1In the 1 position to check

the potentiometer. The display window should read approximately

749 when the base plate i{s secure to the bottom of the loading
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box.

7. It either reading {s extremely erratic (greater than
+ 2%), then check the batterlies, replace the batteries {f need
be, and repeat the above steps. If the readings are stil!

erratic, then return the apparatus to Qqualified maintenance

personnel for evaluation.

8. Place the RUN/STOP switch in the STOP position and turn

the battery switch OFF.
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! CONDUCTING A TEST S
I

: S

» P

] N v

: IAlN

i 1. Insure data has been CLEARed from memory, i{f desired, s

y prior to performing any tests.

2. Attach the potentiometer <clip at the bottom of the

Loading box to the base plate and secure the base plate to the
bottom of the Loading box by use of the magnets. Insure that the

extension for the attachment of the shaft is in the center of the

- TETETW W WOV U Y BV

hole in the base plate.
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3. Place the washer on the shaft and attach the appropriate v

L)
g
IS
Y

cone tip to the end of the shaft. Attach the shaft to the botton

(t’.-
L e
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5 %

of the loading box when ready for testing. The shaft is threaced
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72,
47,

and will screw into the load cell extension.
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4. Insure the battery switch is OFF and the RUN/STOP switch

h
[

.

Cd

{s in the STOP position.
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S. Place the mode selector switch Iin the .2, .5, or 1 inch

.‘..
'ff.

position whichever corresponds to the base area of the cone which
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is being used for the particular penetration.
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6. Select ¢the AREA designation which corresponds to the Qf.

’
site being tested and as specified in accordance with the unit’s :
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SOP. Annotate the field data log book accordingly.

7. Position the base plate at its full distance from the
loading box and flush on the ground where the penetration 1is to
be made. Place feet on the foot pads to brace the base plate and
hold the device in the wupright position by the cone handle.
insuring that the cone tip 1is between the bottom of the base
plate and the ground surface. (NOTE: Insure that the cone tip
does not retract through the hole in the base plate. A washer,
as previously discussed, should be placed between the cone and
the base pilate. This will alleviate any possibiliity of pulling

the distance wire toco far and damaging the potentiometer.)

8. Place the battery switch in the INTERNAL position.

9. Place the RUN/STOP switch {n the RUN position.
NOTE: Insure that the cone tip {s not {n contact with the soi!
prior to beginning this step. Otherwise, the test data may be

erroneous.

12. Slowly position the cone tip to the soil surface where
the penetration (s to be made. Insure that the shaft remains in
a vertical position throughout the conduct of the test to

eliminate any possible errors which could ari{ise do to eccentric
loading. The operator should position his/her hands one over the

other, at right angles, on the cone handle and slowly apply force
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to the device. The green light should glow once the base of the
cone is flush with the soi{l surface to designate that the device
is gathering data as penetration is made. The desired rate of
penetration i{s approximately 1.2 {nches per second. The green
light will turn off once the penetration has been made to a depth
of 24 inches. Test data {8 gathered every .25 inches which
should provide approximately 96 data points per test penetration.
This rate is software dependent and an adjustment of the saftware

can yleld more data points {f needed.

11. Once the green light turns OFF, place the RUN/STOP
switch in the STOP position and secure the base plate to the
bottom of the loading box by use of the magnets. Slowly retract

the cone tip from the soi{l by pulling on the cone handle.

12. Repeat steps 6 through 1! as required. It {s noted
that the automated device will sequentially number the
penetration tesgts {n the order they are conducted. After
completion of each vpenetration, fnsure that the AREA and

penetration number are properly recorded in the field data log.
The RUN/STOP switch can be placed {n the STOP position at any
point during the conduct of a penetration to stop a particular
test. The data collected from a test stopped short will be saved

{n the data logger under the sequential test number for that
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particular penetration. Once all
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tests have been completed for a

should be placed {n the OFF
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MARKING A TEST

This function provides the operator a means of marking a
test because of special situations which may arise during the
conduct of that vparticular penetratfon. The marking of a
penetration test must be completed prior to the conduct of
another penetration. An example of the need to mark a particular
test may be the fact that during the conduct of a penetration the

operator was not able to fully penetrate the total 24 i{nches

because of an obstruction. When the MARKed data i{s retrieved as
explained in the next section, the marked penetrations wil! have
a 1 designation while all unmarked penetrations will be

designated as @'s in the MARK section of the retrieved data. (See

Figure 6)

1. Place the RUN/STOP switch in the STOP position.

2. Place the mode selector switch in the MARK mode.

3. Insure that the battery switch 1{s {n the INTERNAL

position.

4. Place the RUN/STOP {n the RUN position.

5. Push the R/S button. The green light should blink on
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and then off, once. This designates that the preceding
penetration has been MARKed to designate whatever the operator
desires. Insure that proper annotation of the reason for marking

has been properly logged into the data book.

€. Place the RUN/STOP switch in the STOP position and

continue with next desired function.
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RETRIEVING DATA

This functional step outline will enable the automated
military cone or computer operator the capability to retrieve the
data that has been stored in the automated penetrometer’'s data
logger. The following steps have been developed to utilize the

tollowing hardware and software:

Hardware: IBM PC, IBM PC Convertible, or IBM Compatible

with MODEM capabilfty.

RS232 Cable with appropriate jack to link the
ONSET Tattletale Mcdel IV Data Logger with the
computer’'s modem. A special cable, the TC-4

cable, must be utilized to accomplish this task

TV T T ETTHEESERAYYyY T B ' COK 55

due to the internal circulitry of the data logger.
Figure 4 provides a picture of the TC-4 with the

automated data acquisition device.

LI an @ el a0 o

Software: Communication’s Software with required parameters
set to communicate with the ONSET data logger.

The MIRROR Communication’s software will be

) utilized for ¢this procedure with the filename of

P

)
)

P 4
L Py Tt )

Tattle for the parameter settings.
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Use of other communication's software such as Crosstalk and PC-

Talk is acceptable. The steps which follow assume that the
communication's software has already been configured to
communicate with the Tattletale data logger {n the device. The

parameters for setup of the communications software are as
follows:

Baud Rate - 9699

Parity - no

Data Bits - 8

Stop Bits - ¢

1. Insure that the battery switch is OFF and ¢the RUN/STOP

switch {s Iin the STOP position.

2. Attach the male end of the ONSET TC-4 cable to the

Control box and the female end to the computer’'s MODEM port.

3. Insure the computer has been properly booted into DOS
and place the Mirror communication's software disk in the
specified drive as prompted and type: MIRROR and press the

carrjage return/enter<CR>. The screen should look like Figure S.

4. Enter the number which corresponds toc Tattle and press

<CR>. A blank screen with a blinking cursor should appear.

S. Place the battery switch {n the INTERNAL position and
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the RUN/STOP switch in the RUN position. Important, insure these
switches are properly placed in this prescribed order. Insure
the Caps Lock switech s on. The screen should depict the
following line:

*TURN CAPTURE ON IF YOU WANT TO SAVE THE DATA <CR>’
Press <CR>. At this time the data of the first penetration tes*

conducted should scrol! across the screen.

6. Once the data has finished scroliing the following text
should be depicted on your screen:

*TURN CAPTURE OFF’

*CONTINUE <1> OR STOP <2>°’
At this command enter 2 ana press <CR>. The following prompt
should appear: 0K

>

7. Type: N=X <CR>, where X {s the actual number cf tests
that need to be retrieved. After pressing the <CR> the OK prompt
should appear again. It is noted that all test will appear in
sequential order; therefore, X should be equal to the total
number of tests that were conducted in order to retrieve all! data
at once. The value of X {s totally dependent on the number of
test penetrations that you have complaeted. Presently, the design
does not allow a single test to be randomly retrieved from the
data logger; therefore, all pertinent data must be retrieved

simul taneously. Also, the software that {s being wused fcr
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analyses may limit the number of test penetrations that can
effectively be used. For example, when using LOTUS 1,2,3 to
analyze the retrieved data, the maximum number of tests that can
be imported into a LOTUS fi{le at any one time s 5. Editing
programs, which enable the operator to separate the master file
of all penetration tests {nto {ndividual fi{les, would provide a
means of retrlieving many more tests. Individual tests cannot be

retrieved unless the first test {s the only one retrieved.

8. Type: GOTO 9880 and press <CR>. The Turn Capture On

reminder should appear.

9. Press <ESC> and at the bottom of the screen the prompt

of *'COMMAND:' should appear. Enter in capital letters

*CA B:FILENAME.PRN' and press <CR>. The filename s the cholce
of the operator with a limitation of eight characters which will
aid in describing the tested location or conditions. The
extension of .PRN must be entered as such so that the data saved
can be imported into the LOTUS spreadsheet for further analyses.
The data from the X number of tests should start to be saved into
the designated file {n Drive B at the time the carriage return is

pressed.

1. When the prompt to CONTINUE OR STOP appears enter 2 and

press <CR>.

;51& 5’

P
i
X

- v

K
| 4
>

-
4
|
)

«

s .l,.l.'l..ll
L8 54

LAY,

'.."
e

N IRt
f?.,;nuaa

. b e P 1
LS PE
5 5% 5 %S
LLiS

.-"'c' )
P AR
PR B i T Y
fl'n't't'f"l‘
eleetientinalialcZon




AR

o

T

o

1 R -

299

11, Press <ESC> and at the COMMAND: prompt type 'CA OFF’.
Press <CR>. This insures that the data sent to the file in Drive
B Is totally accepted. Data 1in the file is stored as shown in

Figure 6.

12. At the OK prompt type 'RUN’ and press <CR>. The green
light on the control! box should blink on and then off to show
that the variables for ¢the program have been reestablished ard

the device {s ready for use {n addi{tional penetration testing.

13. Place the RUN/STOP switch in the STOP position and turn

the battery switch OFF.

14. Press <ESC> and type ’'QU’ at the COMMAND: prompt.

Press <CR>. The DOS prompt for the g{ven drive should appear.

15. Detach the ONSET TC-4 cable from the control! box.

16. Data from the tests have now been saved under the file,
Filename.PRN and are ready to be mani{pulated by use of an
electronic spreadsheet. At this point the device is ready tc be
taken to the field to retrieve additional data. Unless the
memory |Is CLEARed, the previous retrieved test data will remain
logged and subsequent test data will be numbered {n sequential
order starting from where the previous data had ended. It is

good practice at this point to check the data file <created to
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insure that

of the data

all data has been properly retrieved

logger CLEARed when sati{sfied.
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and the memory




CLEARING THE MEMORY

This procedure allows the operatcr to clear the memory of

any past data that {s no longer desired for operational reasons.

It {s good practice to insure that prior to clearing any data a

check is made of the data currently {in memory and recorded if

necessary. Once the data has been cleared then it can no longer

be retrieved.

1. Insure the battery switch is OFF and that the RUN/STOP

switch is in the STOP position.

Turn the mode selector switch to the CLEAR mode.

Place the area designation in AREA 0.

4. Place the battery switch {n the INTERNAL mcde and the

RUN/STOP switch {in the RUN position.

5. Press the R/S button. The green light should flash

twice. It the green light does not come on then repeat steps |

through S. If no green light appears return the apparatus to

(e e o o o aw f ]

qualified maintenance personnel.

The completion of the second green light flash
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desi{gnates that the memory has been cleared.

-
L]

o’ wm....v o

RUN/STOP switch in the STOP position and the

Place the

7.
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battery switch in OFF.
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ANALYZING THE DATA

This procedural outline will wutilize the LOTUS 1,2,3
electronic spreadsheet and graphics software to analyze the data
retrieved from the ONSET Tattletale data logger. Other

spreadsheets with graphics and Importing capabilities can be

utilized.

1. Establish a blank spreadsheet file in the LOTUS program

as shown in Figure 7.

2. Import the file of the data that {s desired to he
analyzed. To accomplish this task, first place the cursor ifust
cutside of the right edge of the established spreadsheet so that
the data from all of the tests can be imported and remain
throughout the process of manipulation. In the command menu for

LOTUS enter the file {mport command and retrieve the data file

you created {n the 'Retrieving Data’' section.

3. Move the desired test data numbers for the 'DEPTH, LQOAD,
TIME' to the appropriate location in the blank spreadsheet. The
load data is In pounds and must therefore be divided by the base
area of the cor.2 used. The depth 1is In inches and should
therefore be only multiplied by a negative one to develop a

spreadsheet as shown {n Filgure 8,
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4. Utilizing the 'GRAPH' menu of commands develop a plot
with the DEPTH as the 'y' axis and the CONE |INDEX as the 'x°

axis. Figure 9 depicts a plot utilizing this technique.

S. Enter the command menu and save this plot and

spreadsheet under an appropriate fi{lename.

€. Once this penetraticn test data sequence has been saved
the next set of test data from the imported section to the right
of the spreadsheet can be moved into the appropriate columns and
man{pulated as stated I{n steps 3 through 5 above. These

procedures are continued until! all of the imported data has been

analyzed.

7. Hard copies of the spreadsheets and the plots (as shown
in Figures 8 and 9) can be obtained by entering the appropriate

menu of the LOTUS program (1,2,3 for the spreadsheet and

PRINTGRAPH for the plots) and printing them.
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FIGURE 6 , DATA RETRIEVED FROM THE TATTLETALE

Il

e s
L L
LN TG

AREA= 43 TEST #=a 1,
CONE= 7 MARK= @3
DEFTH LOAD TIiME
UL Q.00 T.34
a.2 q.99 vad
. S0 a.¢d 11.909
“. 73 @, oY 14.31
1.909¢ @, 0 18.44
t.28 ¥.42 <2.94
1.5¢ d.8% <3.0¢
1.73 1.237 9.2°
<. 1.7@ 3.2
2.25 S.12 I7.14
<. 5 <.S 44.86
S.73 =.55 44.22
T, .9 48.26
.2 -.SS S1.92
Z.51 <.55 SS.47
S.76 <.53% S8.91
4.41 <.5S 62,93
4.2s6 2.58 66.61
4.%51 <.12 79,385
4.76 <.12 73.94
S.d1 <.12 78.15
S.2 <.33 81.74
S.351 <. 33 8%.48
3.76 2.55 88.99
&.981 <.12 92.92
6.26 <.12 96.43
6.5 -.12 199.21
6.76 <.12 193.72
7.92 «.12 197.65
7.27 =.58 111.37
7.82 =. 355 115.39
7.77 =.97 118.81
8.92 S.82 122.84

TURN CAPTURE ON IF YOU WANT TO SAVE THE DATA <CR:

TEST #= 2;

AREA=
CONE= 7;
DEFTH LOAD
A, gD d, 9P
3,29 D, I
b.%2 d,99
3.7% g, 09a
1,09 S, 3
1.2% o, P
1] .42
1.73 1.27
2.9 1.7¢
.2 =.12
<. %9 <. 59
s.7% 2.99
T.30 2.97
.2 2.99
.51 =.95
T.76 2.58
4,91 212
4.2 1.78
4,91 1.7
4.76 1.79
S.91 1.76
S.26 1.73
S.91 -.12
3.76 2.55
6.91 2.97
&.26 T.49
6.91 Z.82
4,76 4.2
7.92 4,68
7.2 4,68
7.%92 4,285
7.77 4,2
8,492 4.2
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FISURE 7

T N P R P R T Ny Ve
BLANK FORMATTED SPREALSHEET TO MANIFULATE
['ATA FROM CONE PENETRATION TESTING

[(EFE NS ETFAES RS R R AN PERNE D NN A NENNWINE FPY NS
AREAs 93 TEST &8s <
LINEe &3 MARK ® 1
CEPTH LOAD TIML [h 4 [EFTH
(IMCHES) (LBES) (SED) (FYLI) (INCHES)
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CoNe= =z whE T °
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2o S ' 14.07 Wy - . %
1 e 42 1€.97 DU -1
1..% . 8% ls.6&2 1.7 -1.2%
1.9 1.27 2. %53 2.%4 -1.%
1.7% Z.12 Te.l2 4,24 -1.7%
Z 2.%8% T4.74 <. 10 -2
.2 e S7 TE.Z0 <.-4 ~c. s
<. 9 - 57 $.,12 .74 -2.%
(T -3 T.4 4S.71 o0.E% -2. %
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T.78 S.7S 2.7 16, S8 -Z. s
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N, 250
[}
B o
'3 1 DIM{1ddid, 100B¢) :REM 1000 ELEMENTS IN ARRAY; 180¢@ IN DATA FILE
\ a A=a :REM A= NUMBER OF SAMFLES IN THE SAMFLE AVERAGE
! s A=0 :REM LOOF VARAIELE IN THE STORE ROUTINE
S & B=9 :REM B= LOOF VARAIBLE IN THE STORE ROUTINE
fe 8 C=2 :REM C= LOOF VARAIELE IN THE STORE ROUTINE
19 D=¢ :REM D= AUTO INCREMENTING VARIAELE (DATA TAELE)
N 12 E=9@ : REM E=DUMF
- 14 F=0 :REM F= STORE
[+ 16 G=@ 1REM G=DISPLAY
W 18 H=0 1 REM H=DISPLAY
L 20 1=0 tREM 1=DISPLAY
o 22 J=¢ :REM JaDISPLAY
24 K=9 tREM K=DISPLAY
- 26 L=0 :REM L=COMMON VARIAELE
X 28 M= :REM M=MODE OF OFERATION
‘;cl. @ N=@ :REM N=TEST NUMEER
Yy 32 0= :REM O=INFUT TEXT VARIAELE;USAELE
& 34 F=0 :REM P=COMMON VARIABLE
it 36 Q=9 :REM Q=COMMON VARIAELE
38 R=9 :REM R=COMMON VARIABLE
p ap S=0 :REM S=NUMBER OF SAMFLES IN A PENETRATION e
e 42 T=0 :REM T=LAPSED TIME BETWEEN SAMFLES S
b 44 V=0 :REM V=DISPLAY WORD e
) 46 W=@ tREM W=TEST AREA Y,
'y 48 Xx=0 1REM XsDISPLAY N
h SQ Y=@ tREM Y=COLLECT NGM
$2 2=0 1REM I=COLLECT ®
. . 54 ?=@ tREM ?= TIMER o
o S6 @(1)=138 :REM @(1)=BASE OF THE CONE e
o 58 @(2)=9 tREM @(2)=BASE-.S#DEPTH INCREMENTS (FIRST READING) RN
. b3 @(N=6 1REM @(3)=DEPTH INCREMENTS(.248 INCHES) o
o 62 @(a)=2 :REM @(4)=LAST DEFTH+@(3) )
b b4 @(5)=57S+@(1) ¢REM @(S)=DEPTH LIMIT Y
66 @(6) =2 :REM @(6)=PRESENT LOCATION TO MARK TEST ®
. 48 @(7)=0 :REM @(7)=TEMPORARY STORAGE FOR DATA FOINTER (D) re
&N 7@ @(8)=21% :REM @(8)=DEFAULT SCALE FACTOR FOR LOAD CELL N
e 72 @(9)=2I°T :RE * #(9)=DEFAULT SCALE FACTOR FOR DEFTH e
N 74 @(10,=3 :RE" @(19)=L0OAD FOR DISPLAY Kt
‘N 76 @(11)=1@2 :REM @(11)=L0ADCELL WITH NO LOAD e
' 78 @(12)=99 :REM @(12)=MAX NUMEER OF SAMFLES/TEST G
80 REM :REM CHAN (@) =L OADCELL °
- 82 REM 1REM CHAN(1)=DISTANCE e
- 84 @(2)=A(1)-(@(3)/2) 1 REM N
o 86 FSET 18 ¥
' ':- G REM SHUBBENNREENENUARNERRNNRERAURBRRBUBBRUURNBRUNRRRRRRRNRRRERERRBRRR RN S
".‘-. 199 REM HERARANNUENERRNES MAIN FROGRAMESNENBEBRNRINNIBRNIREREREHNNNBNENNNERS ':".'
o, 1G] REM SRuNnsnnnitanunnsnenn CLEAR ARRAY NHANNNNESRNNNNNAHNRRRERNERRNRANEN -t
) 110 REM -
w 115 FSET 1@ e
~ 120 FOR X=10¢ TO 999 N
s 123 @(X) =0 o
“f 149 MNEXT X A
~ 148 FCLR 1@ )
W 153 REM By
d »
X W
: e
s
§ +
YW
L}
K
>
Y T T A e R o A T S P AT AT C L8 L Pt KN S E R AN S
'.?'u. TANTISAINTS MO AN AT T e '“-':""\ A ';;i'.i'.iLﬂ.’bﬂ&ﬁﬂwfi'iﬁ-iﬂ'}i}';}:bi\&




4

17¢
I
19
I
349
S0
769
7
84
%9
439
419
420
500
510
S0
STo
S4¢
SSe
569
579
S8a
599
&30
640
659
660
679
680
&99
703
795
7180
720
725
730
740
759
760
=1
81¢
829
839
844

Sab g0 bt "y " oty 2020 .2" 0.4 0.8 Y ..n.-. . - R - * 40 pia- ghe B G- fon a0,

REM S4RRRRNNARARRURNUBHENRRE MODE SELECTION HENHRHNNSANNINHENKENNERINNEN
IF FIN(1)=@ FCLR 13:G07T0 Jwd :REM STOP MODE

GOSUE 509 s+ REM SELECT THE MODE
GOSUR B8¢@ :REM GET TEST AREA
IF M=1 GOSUR B¢ ¢t REM MARK  MODE
IF M=2 GOSUEB S@¢dd :REM DUMF MODE
IF M=3 GOSUER I&d : REM CLEAR MODE
IF M=4 GOSUE 49v@ :REM MONI TOR MODE
1IF M=5 GOSUE Sagd tREM 1 INCH MODE
IF M=6 GOSUB T899 :REM .S INCH MODE
IF M=7 GOSUR SO0 t REM .2 INCH MODE
IF M=8 GOSUB 6900 s REM CALIBRATE MODE
GOTO 300 tREM START OVER
REM SHEBUBENRENNERBHNERNERRURRRBNRRRRRRRRRR RN RRRERRRRREB RN NN

REM #s#nsnnannsazansst SUERBROUTINE TO CHECK MODES ###assiatstittisssittsss
REM

M=

FCLR 6,7,8

X=FIN(9): IF X=¢ M=T :REM CLEAR MODE

REM

PCLR 6,7,8:FSET &

X=PIN(F): IF X=@ M=4 tREM .35 INCH MODE

REM

PCLR 6,7,8:PSET 6,7

X=PIN(9):IF X=0 M=3 tREM 1 INCH MODE

REM

PCLR 6,7,8:FSET 8

X=PIN(9)31IF X=0 M=7 tREM .2 INCH MODE

REM

PCLR 6,7,Bi1FSET 6,8
X=PIN(F):1IF X=03 M=2
REM

FCLR 6,7,8:PSET 7,8
X=PIN(9): IF X=¢ M=8
REM

PCLR 6,7,8:PSET 46,7,8
X=PIN(9) 1 IF X=¢ M=]
IF M=0 GOTD T¢@
RETURN

$REM DUMP MODE

tREM CALIBRATE MODE

:REM MARK MODE
sREM NO SELECTION

REM #axsssnunnsns SUEBROUTINE TO READ THE THUMEBWHEEL SWITCH ##sssxnas
W=FIN(1S,14,12,13)

W=15-W :REM COMFLEMENT THE NUMEER

RETURN

REM

2009 REM sssnsnsassnnannans DISFLAY DATA (LCD) #42aassastsatinsnstanes
291@ REM

2020 G=@:H=9:

REM CLEAR DISFLAY ACCUMULATOR

2950 IF V<9999 [=0:J=128:G0T0 2¢84Y
296w IF V<99999 I=128:J=0:V=V/14:60T0 298¢
297¢ [=9:J=@:V=V/103

2¢8¢ X=V3

2699 kK=X/133Q:

2199 IF k=@ H=1:G0T0O 212@:

2110 V=EXZ133@: G0SUBR 2260+ (K #1@) 1 G=G+kK:

REM GET BACK
REM STRIF NEXT DIGIT
REM SUFFRESS LEADING ZERO

P W, M W D o, v Y R e " 2" R TR a "
- YN N A, S S Wt A S P RN A LY S R A St S S O S DA A SRS
N R N SN N O N SN SR SRR SR TN (S L N GOSN (OO,
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REM NUMBER TO DISFLAY NEXT DIGIT
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L),

2120 a=V; REM GET BACK
I 2130 K=X/1906: REM STRIF NEXT DIGIT
. 2140 IF H=1 IF k=@ H=2:60T0 216@: REM SUPFRESS LEADING ZERO
k D150 V=X%1a9:GOSUE T26%+ (L #10) : G=G+ (K #256) REM NUMEER TO DISPLAY NEXT DIGIT
.né T168 X=V: REM GET REST OF NUMEER EACK
! 2179 k=X/1@: REM STRIP NEXT DIGIT
2180 REM IF H=2 IF K=9@ H=I:GOTO 185@: REM SUFFRESS LEADING ZERO .9
Y 2199 V=X%10:GOSUE 2260+ (K#1@) ; 6=G+ (K+J) #65536: REM NUMBER TO DISFLAY NEXT DIGIT Sat
2200 K=V:GOSUE 2260+ (K#18) ;H=K+1: REM LSD .
Rl 2218 SDO H, 32; REM SEND 3 DIGIT TO DISFLAY e
: 229 SDO G, 24: REM SEND ©8-2 DIGITS TO DISPLAY Cas
. 2233 RETURN e
5‘1 2240 REM #4280 3uutaut88u88 TAERLE #9565 96 54 9 5 45 3 9 % 4 4 9% 9% 9% 3% 9% % 9 4% %
I2S¢ REM )
o 22689 KN=126:RETURN T
N 2Z7¢ k=243 RETURN e
= 2289 k=149:RETURN R
™ 2299 K=61: RETURN o
2 22998 K=27: RETURN o~
- 2314 k=5S: RETURN ot
! 2320 K=119:RETURN ™
- 2338 k=28: RETURN L0
i 2340 K=127:1RETURN D
et 2359 k=633 RETURN o
> 2368 RETURN N
_t: 3003 REM ##saunsuananttnnsnnsent CLEAR MEMORY 5555508 5 5 3 0 3 30 5 3 34 8 5 5 4 % %
" 3319 IF PIN(1)=@ RETURN B
* 3@2¢ IF W< GOTO Je1d tREM AREA MUST=9
. 3933 IF PIN(O)=] GOTO 3¢19Q $REM R/S MUST BE PUSHED
DG 3043 X=@ :REM CLEAR MEMORY
o~ 2850 PSET 10
] 3060 STORE X,#4,
» 3G7@ IF X<2509 GOTO 3360
, 3083 FCLR 190
2393 GOTO 1
S SHd3 REMensnnanuesrnpraas SURROUTINE TO COLLECT DATA #E# et u®estttdsstssns
"~ Su1w REM @(1)=BASE OF THE CONE
ey $@12 REM @(Z)=BASE OF CONE - .S # DEFTH INCREMENT
" S#14 REM @(3)=DEFTH INCREMENTS
o S#16 REM @(4)=LAST DEFTH+@(3)
N SP18 REM @(S)=LIMIT
S¥2¢ REM TRIGGER FOINT =@(1)-CONE LENGTH
o SASS Y=100:22309;: T=500:1C=2:1FCLR 19 e
. SOS7 @(4)=@(1)+(@(3)/D) tREM END OF FIRST DEFTH (MIDFOINT) ot
- S@6y REM 5
N 373 IF CHAN (@) <25 RETURN ¢REM CONE IS NOT IN THE SOIL N,
. 5¢75 IF CHAN(1) >@(1) RETURN :REM CONE 1S FAST FIRST DEFTH NG
o S@8¢ IF FIN(1)=@ RETURN :REM RUN/STOF SWITCH Y
3 S@85 FRINT CHAN(1) ®
L, S@9¢ 1F CHAN(1)<@(2) GOTO Sw8e +REM NOT TO FIRST SAMFLE LOCATION o
o $190¢ REM ~
:..’ Sllg" REH P s Por A Nt o g P Pt N P N P P N e e N e N e e N TX”E TO TEST NN N NN NN NN N NN NN N Y NN Y e N ‘\:‘
- S11S FSET 1¢ :REM TURN LIGHT ON ey
S S12¢ REM ot
%" Y
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€173 REM v=1ST STORAGE LOCATION FOINTER FOR LDAD

S149 REM 2={ST STORAGE LOCATION FCINTER FOR DEFTH

S198 REM @(Y) % @(2)=TEMFORARY DATA STORAGE

S160 N=N+1:"=@ tREM TEST NUMEER

S20¢ REM

S21Q @(Y)=0:@(2)=9:@(T)=¢ :REM TEMFORARY DATA STORAGE
S22 S=¢9 tREM CLEAR # SAMFLES FOINTER

S2TD @(Y)=CHAN(D) +@(Y) sREM READ LOAD

5249 A=CHAN(1) ¢:REM READ DEFTH

5258 I)=A+@(2) tREM STORE DEFTH

5255 (S=S+1

S268 IF A>@(4) | FIN(1)=a GOTO S29@ tREM LAST DEFTH

5289¢ GOTO 5234 tREM GET ANOTHER SAMFLE

5298 @(T)=? :REM READ TIME

ST B(Y)=(@(YY/S)~-G(11) :REM AVERAGE LOADCELL READING
SIS IF @(Y) . @ @(Y)=a

ST1Y @(2)=(@(2)/S)-@1) :REM AVERAGE DEFTH REARDING - OFFSET
S315 FPRINT @2)

5717 @(19)=@(yY)

SI2D Y=Y+1:2=22+1:T=aT+] tREM INCREMENT THE FOINTERS
5349 @(4)=@(4)+@(T) tREM LAST DEPTH + DEFTH INCREMENT
5369 REM

S379 IF PIN(1)=8 RETURN tREM STOP OR CONTINUE

3380 IF CHAN(1)>=@(5) GOTO S4¢a sREM LIMIT

5385 C=C+1 tREM INCREMENT THE NUMBER OF SAMFLES
S387 V=(@(10)+10999)/Q(8) :GOSUB 2099 ’

939¢ GOTO S5199 tREM NEXT SAMFLE

5490 V=(Q(10)#109002)/Q@(8) 1 GOSUB 2099

5440 FCLR 19:GOSUB 7999 tREM STORE DATA

5458 RETURN tREM FINISHED

O3 REM #nnexenensvsnvnnaaetr CALIERATION 242 s 0ttt at e ittt et e e s ettt
6319 REM

6023 IF PIN(1)=0 RETURN

6038 GOSUB Bwd :REM GET CHANNEL

6P43 IF W=3 V=CHAN(0) »120

6353 IF W=1 Y=CHAN(1) #1¢@

ousby GOSUR leoe

6073 GOTO 692d

7000 REM #ansatasananntsnnsnens STORE DATA #4820 tittct ittt sttt tttasinstanes
7902 REM

7919 REM 180=L0OCATION IN @(8) ARRAY WHERE THE 1ST LOAD VALUE 1S STORED
792¢ REM 3909=L0CATION IN @(0) ARRAY WHERE THE 1ST DEPTH VALUE IS STORED
7938 REM S0d=LOCATION IN @(¥) ARRAY WHERE THE 1ST TIME VALUE 1S STORED
7443 REM #2=NUMBER OF € BIT BYTES IN WHICH TO STORE EACH VALUE

79053 REM D=1S THE AUTO INCREMENTING VARIAELE

7349 REM

7879 @(H)=D+b :REM LOCATION TO MARL. TEST

7972 Y=100:2="9@¢: T=5¢d :REM LOCATION IN @(9d) TO READ DATA
7¢74 IF C:@(12) C=@(12) :REM MAXIMUM # OF SAMFLES

79689 STORE D,#2,W :REM AREA

7999 STORE D,#2,N tREM TEST NUMEER
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Tlg@
7114
7129
713Q
714¢
7159
71690
717@
717%
7184¢
71949
720a
7210
7215
7229
8099
801¢
sa2d
8wl
8424
v le
222
goTe
QY
9319
V23
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349
9345

STORE D, #2,M

Ba 4% Y0 e dhre A
R el

:REM CONE SIZE

STYORE D,#2,% :REM TEST MARLER 254 -.-.’

FOR A=1 TO = ION

FOR B=@¢ TO C . :REM 1 TO LAST (S) SAMPLE RGOSR

IF A= STORE D,#2,@(I+E):30T0 717¢ :REM STORE DEFTH DATA FOINT P

IF A=2 STORE D, #2,@(Y+E):GOTO 717¢ :REM STORE LOAD DATA FOINT A

IF A=2 STORE D,#2,@(T+B) :REM STORE TIME OF SAMFLE :ninjn'

NEXT R o7 “‘

IF C=&(12) GOTO 7219 e

FOR F=C+1 TO @(12) NN

STORE D, #2,d :REM FILL THE REMAINDER WITH & Garals

NEXT F v

NEXT A AN

FRINT D ey
A

RETURN -

REM ###8a28naattntttnttttnttatasttst MARK TEST #5955 859805558 9 3 9% 3 55 3 98 9 3 % 9% % 4 3% % L

REM

IF FIN(®) =1 RETURN

FSET 1@

STORE @(6) ,#2,1 :REM MARF TEST

SLEEF 194

FCLR 149

RETURN

REM #nzesnsssaxnnasssrannsrnens DUMF DATA

REM
FOR Y=1 TO 1@:FRINT
@(7)=D:D=9

FRINT

"TeNEXT Y

"TURN CAFTURE ON IF YOU WANT TO SAVE THE DATA <CR>"

L2222 2 22X 222222222222 X L L2

:REM SAVE DATA POINTER
tINFUT " °Y

9¢%® FOR E=1 TO N :+REM NUMEER OF TEST TO DUMP
9363 X=GET (D, #2) :REM RETRIEVE AREA
9@6%5 IF E=1 FRINT " AREA= ',X, ': '§:GOTO 9980
9379 PRINT ° AREA= ', X, ‘1'%
9388 X=GET (D, #2) 1tREM RETRIEVE TEST #
999@ IF E=N FRINT ° TEST #= ',X, 1" ':G0TO 9140
9¢9S IF X<1® FRINT ° TEST #= ',X ,‘: 11GOT0 9140
9108 PRINT TEST #= ' ,%, '1°3
9143 D=E#+608 :REM NEXT TEST
915@ NEXT E
?16@ D=4
917¢ FOR E=1 TO N :REM NUMBER OF TEST TO DUMF
9183 X=GET (D, #2) :REM RETRIEVE AREA
919¢ IF E=1 FRINT °* CONE= ",X, : 3:GOTO 920w¢d
9195 FRINT CONE= “, X, z"';
9238 X=GET (D, #2) :REM RETRIEVE MARH
921d IF E=N PRINT MARK= ", X, t" :1GOTO 922¢
9215 FRINT MARK= ‘X, 't 3
| 972@ D=E#&08+4 :REM NEXT TEST
9233 NEXT E
925¢ FOR X=1 TO N
926@ IF X=1 FRINT'"  DEFTH LOAD TIME ;:GOTO <279
9265 IF X=N FRINT’ DEFTH LOAD TIME" :GOTO 927@
9257 FRINT DEFTH LOAD TIME
8270 NEXT X
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T
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9I9w
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94293
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Sdaw
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489
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FSd
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9S8
T4
9559
9569
9565
9570
95898
9599
LA-Yuld
9619
Q629
Q670
F64¢
9659
S0
Q665
967¢
9680
?68S
699
7¢0
71
T2
I77@
9744
5759
760
9773
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:REM NUMEER OF DATA FOINTS

Lo}

FOR X=¢ TO @(12)

e
P4

]
LW
DA J\J 4'\-

FOR Y=y TO N-1 tREM NUMEER QF TEST
= (DR (Y+1))+(YRoOY)
C=zA+(2#X)

:REM RETRIEVE DEFTH

tREM DATA#1d@@@/SCALE FACTOR(22.97)
tREM Z=REMAINDEFK

tREM B=INTEGER

1 ] 1 3
AR

et
S
v

B=GET (C, #2)
E=Ee100¢¢/@(9)

"
LS
F4
lr:.p.
3

&
5

5

I'::l’ s

LN A

}";'
=

IF E=¢ FRINT
IF B<19 FRINT
IF B<1@d FRINT
FRINT B,".";

IF Z<1@ PRINT

a

&
Y

"3:60T0 9419

;.

s

,',
AR
AL

A

C=A+((2#X) +29d)

FE” NN N VYV ANY YWY Y WA Y Y A N L.CIAD
E=GET (C, #2)

BB+ 10000, @(8)

WAANAAN AN VAN NN NN AN NN AN NN A AR A A

o
LR

tREM DATA=1ddd/SCALE FACTOR 1 2.7

Pk

GOTO 9%S¢@
“3:6GOTO 9549

IF B=0 FRINT
IF B<1@ FRINT
IF B<1@@ FRINT
IF B>99 FRINT

FRINT B,".
IF 2<1@ FRINT

~ 5y
v'xfaﬁfﬁ.’ﬁ"l x

s
LY

..l

C=Q+ ((2#X)+493)

B=GET (C, #2)

AN
e

> e
"' a

’

IF B=9 PRINT
IF B<{1d FRINT
IF B<199@ FRINT

d4.73:6G0TC 9662
"s:GOTO 9650
"3 :GOTO 965¢

YASs

FRINT B,".
IF Z2°1¢ PRINT

-

&,

%

SLEEF 149

5
2

Y 5N

:REM RESTORE FOINTER

f, 7

PR AL WA

"TURN CAFTURE OFF :CR:°
"CONTINUE

)
(S ANy
e

-
.

IF ¥« .1 GOTQ 9724
"SWITCH START/STOF SWITCH TO STOF TO CONTINUE
IF FIN(1) @ GOTQ 949¢
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